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EFFECTS OF EARLY EARTHING-UP OF SUGARCANE ON THE ATTACK 
OF THE STEM BORER, ARQYRIA 8TIGTIGRA8PI8 HMPSN. 

By B. D. Gtxpta, M.Sc., Assoc. I.A.R.I., Sugarcane Researeli Station, Muzafifarnagar 
(Received for publication on 25 August 1943) 

Eabthustg-ttp of sugarcane plants dnring rains has dies off with the progress of the monsoon rains in 


been recommended by Sethi, et al. [1937] as a 
normal cnltiTation procedure to prevent the crop 
from lodging both when planted in trenches or 
on flat. 

Early earthing-up as a measure to control the 
damage done to shoots by the sugarcane moth 
borer, Argyria sticticraspis Hmpsn, was recommend- 
ed for the first time by Subramaniam and Ramiah 
[1935]. The experiments conducted at Govern- 
ment Sugarcane Farm, Mandya (Mysore State), 
showed that by a light earthing-up, the soil on 
both sides of the cane rows is thrown over the 
young shoots and when this is folio w^ed by irriga- 
tion, the soil settles down in the space between the 
first leaf-sheath and the plant stalk. This opera- 
tion prevents the borer from living as a leaf miner 
in the first leaf sheath prior to its entry into the 
cane stalk. The method of control was observed 
at Mandya to reduce borer attack by more than 
^ 50 per cent without in any way interfering with 
the tillering and vigour of the crop. 

On the basis of this recommendation, experi- 
ments were taken up at the Sugarcane Research 
Station, Muzaffarnagar, to study the effects of 
early earthing-up on the incidence of -4. sticti- 
craspis, the most serious of the sugarcane borers 
during the hot weather months of May and June. 
Studies were also carried out on the effects of 
early earthing on tillering, cane formation, yield 
and maturity of the crop. The results obtained 
during three crop seasons, 1937-38, 1939-40 and 
1940-41 are given in the present paper. 

Experimental 

The planting of sugarcane in the western dis- 
tricts of the United Provinces is generally done 
during March. The shoots of the new crop appear 
during the fourth week, after planting. It is 
after the middle of April that A, sticticraspis 
migrates to plant crop, after completing its first 
brood in the ratoon crop during March and April. 
The drying up of the central leaf-sheath is the 
first sign of the commencement of borer attack. 
The borer infestation up to the middle of May is 
confined to a small percentage of plants, varying 
from 2 to 8 per cent. After this period the in- 
festation increases with the progress of the hot 
weather and continues to be heavy upto the middle 
of July, when it begins to decline and gradually 


August. 

Preliminary observations on the various effects 
of early earthing-up were made in 1936 on a non- 
replicated plot basis. One earthing by the middle 
of May brought down borer attack by 12 per cent 
in comparison to crop earthed-up in August, 
The tillering was reduced by 50 per cent canes 
formed were less by 28 per cent and yield by 10 
per cent in comparison to the normal crop, The 
individual weight of sticks in the earthed-up plot 
increased by about 20 per cent and there was no 
material effect on the sugar contents. It was 
also observed that' the irrigation after earthing-up 
w-ashed down most of the soil raised up to protect 
the tender stalks of the plants from borer attack. 
In subsequent field trials, laid out in randomized 
blocks with four replications each year, earthing 
was carried out at the time of hoeing after irriga- 
tion. Three, two and one earthing followed from 
the middle of May, middle of June and middle 
of July, respectively, were compared with no 
earthing during 1937-38 and 1939-40. During 
1940-41 the interval between various earthings 
w’-as reduced from one month to a fortnight in the 
treated plots, with the result that the various 
earthings finished by the middle of June and in 
order to prevent the crop from lodging during 
rains, a final earthing-up w^as carried out in 
August in all the plots. 

The incidence of borer attack was recorded by 
making counts of all the healthy and infested 
shoots in the four replications of the treated aiid 
control plots. The size of an individual plot was 
1/27.4 acre in 1937-38 and 1/23.3 acre in 1939-40 
and 1940-41. The observations were recorded 
before the first earthing was carried out and were 
repeated at fortnightly intervals till the middle of 
September when the borer attack almost dis- 
appeared. The ‘ dead hearts ’ or the central 
whorl of dried-up leaves were pulled out from the 
infested plants, in such a way, that the borer was 
left behind in the plant stalk. The method of 
digging out the infested plants was not adopted as 
it would have interfered with the natural inci- 
dence. 

■' ■Effect of^earthino on' borer incieence ■■■ :; : ' 
The effect of earthings on the borer incidence 
is shown in Table I. The records of borer infesta- 
tion include a short percentage of the root borer 
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Table 

Early earthing and 


Number of shoots 


Decrease in 
borer attack 
compared to 
unearthed-up 
plots 


From 

16 May to' 
15 June 
(1st round) 


Variety 


Dates of earthings 


Treatment 


•Three earthing® 


Unearth ed-up 


16317 


16289 


18386 


D — Control 


Critical difference at 
6 per cent level 


A — Three earthings 


fnearthed-up 


12302 


13347 


D— Control 


Critical difference at 
6 per cent level 


A — ^Three 


Unearthed up 


15448 


D —Control 


15098 


Critical difference at 
5 per cent level 


16/6, 1/6 and 16/6 

Co. S. 178 

1/6 and 16,6 

f> * 

16/6 . 


















I] fiPFECt OF EAfiTHlto-tj]^ OE mAftCANE ON THE AttAcK OF STEM BOEEE 

I 

hoTtr attach 


destroyed per acre 

1 


From 

. 16 June to 
15 July 
{2nd round) 

1 Decrease in 
borer attack 
compared to 
unearthed -up 
. plots 

From 

16 July to 
15 August 
(3rd round) 

Decrease in 
borer attack 
compared to 
unearthed- up 
plots 

After 15 
August 

Total No. of 
shoots 

destr.yed per acn 
from May 
to 

September 

Per, cent decrease 
3 in borer attack 
due to 
earthing-up 

' ' 8 ' 

9 

10 

11 

12 

IS 

14 

4904 

19-2o/„ 

1151 

4 00/^ 


16530 

40-7% 

4668 

23-3o/„ 

1096 

9-1% 


21399 

18-3% 

5836 

Unearthed -up 

1370 

—13-6% 


22933 

12-40/, 

6302 

>» 

1206 

Unearthed-up 


26194 

... 

... 




... 

5463 


5692 

14-4% 

1165 

10-70/, 

140 

16962 

18•80^ 

6452 

•16 -6% 

1235 

5-i% 

92 

19176 

8-1% 

6338 

^ Unearthed*up 

1661 

—19-20/, 

92 

21622 

-3-6% 

6734 

>> 

1305 

Un - ear thed-up 

140 

20877 

... 




... 


Insignificant 

, 

4893 

U-4% 

746 

23*6% 

163 

16333 

39-9%-- 

3901 

55 -02% 

489 

50-0% 

140 

16007 

41-10/, 

6219 

40-7% 

489 

50-0% 

140 

22981 

15-40/, , 

8807 

Unearthed -up 

978 

Un-earthed-up 

256 

27168 





. . ... . 

... — ■ 

1636 

. 
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Table 

Effect of early earthing 



Critical difference at 
6 per cent level 



. Co, S, 70 



Critical difference at 
5 per cent level 



Critical difference at 
5per cent level 


A — Three earthings 10/3/1939 
B — Two „ . 

C — One ff 

D — Control 





A — Three earthings 10/2/1940 
B — Two „ . 

C — One „ . 

D -Control 



87433 

91663 

96558 

104284 


12-9% 

8-7% 
















jj EFFECT OF EARTHING-tJP OF SUGAEOANE OH THE ATTACK OF STEM BOREE 

II 

on the crop 


Formed Per cent increase or 
per acre decrease in comparison 
to contrbi 


Yield per acre 


decrease in compari- 
son to control 


Jaice toalysis 



16/10/37 


20/4/38 8' 5 

16*9 


Per cent 
sucrose 
in juice 

Purity coefiiciont 

12 

13 

12*4 

20/4/38 ' 76* 00 

13*9 

O 

00 

12*5 

76*4 

10*5 

70-3 


Insignificant 



31/1/40 4*2 

5*9 



16/2/41: ; ; 86- 3 

' 87; 4 
, 87'3 


36439 


462*0 


87*9 














THE INDIAN JO'UHNAL OF AamCULTUBAD SOiENCE 




Emmahcera depressella Swinh, which in the early 
part of the season occur much in the same way as 
the lebvvae of A, sticticraspis and cannot be easily 
differentiated from each other from the nature of 
the ' dead hearts ^ 

A reference to Table I will show that 20 to 27 
thousand shoots per acre are destroyed by the 
dead heart borers, during the crop season, from 
May to September. The greatest damage to the 
shoots occurs during the period of about a month, 
from the middle of May to the middle of June. 
One earthing carried out by 16 May went a long 
way to protect the plants from borer attack. It 
was observed on 15 June, prior to the second 
earthing-up that there was a decrease in the num- - 
her of damaged shoots in the earthed-up crop 
(Treatment A) by 44 per cent in 1937 and 35 per 
cent in 1939 when compared with the unearthed- 
up crop in treatments B, C and D. During this 
period two earthings w^ere given, first on 16 May 
and second on 1 June in treatment ‘ A ’ and one 
earthing on 1 June in treatment ‘ B ’ of 1940 
crop. This resulted in a decrease in borer attack 
by 41 and 35 per cent respectively in comparison 
to unearthed-iip crop in treatment ^ C ’ and 
^ D 

In the second round, i.e. between the middle of 
June and, middle of July, the intensity of attack 
was 50 per cent less as compared to the first round. 
An earthing carried out by the middle of June in 
plots earthed-up in May (Treatment ‘ A ’) showed 
on 15 July a decrease in the number of borer- 
damaged shoots by 19*2 per cent in 1937 and by 
14*4 per cent in 1939, in comparison to treat- 
ments ' C ’ and ' D ' which were unearthed-up. A 
decrease by 23*3 per cent in 1937 and 16*6 per 
cent in 1939 was recorded in treatment ' B ’ where 
earthing was carried out for the first time on 
16 June. By this time, three, two and one earth- 
ings had been given in the 1940 crop where a 
decrease in the number of damaged shoots by 44*4, 
55*2 and 40-7 per cent was recorded in treatments 
A, B and C respectively, in comparison to 
the corresponding damage in the unearthed-up 
crop. 

The borer attack during the period from the 
middle of July to the middle of August or after- 
wards is not severe as shown in Table I, treatment 
‘ D ' column 10. An earthing carried out on 
16 July in twice earthed-up plots (Treatment A) 
shewed a decrease in borer attack by 4*6 per cent 
in 1937 and 10*7 per cent in 1939, while in plots 
earthed-up but once (Treatment B) there was 
decrease by 9-1 per cent in 1937 and 5 *4 per cent 
in 1939. An earthing carried out for the first 
time on 15 July in Treatment ‘ C ' in 1937 and 
in 1939 did not bring about any material decrease 
in borer attack. A decrease varying from 23*6 
to 50 per cent was recorded on 15 July in earthed- - 


up plots (Treatments A, B and C) in 1940 in 
comparison to control. 

Effect of early eaething-xjp on the obof ■ 

(i) Tiller formation. Earthings were commenc- 
ed by the middle of May when about 40 per cent 
of the eye buds planted had germinated (Table II, 
column 5). As a result of two earthings, one on 
16 Ma}^ followed by ajiother on 16 June in Treat- 
ment A (Table II, column 7), tillering decreas- 
ed b^?" about 13 per cent in July in comparison 
to crops in treatments C and D where no 
earthing w^as carried out till the middle of July 
in 1937 and in 1939. In these two years reduction 
in the number of tillers was about 8 per cent 
in treatment B where only one earthing was 
resorted to on 16 June. During 1940 three 
earthings were completed by the middle of June 
in treatment A, two in treatment B and one 
in treatment C, at fortnightly intervals, as a 
result of which tillering was reduced by 25 to 
31 per cent under three and two earthings and by 
about 6 per cent under one earthing when com- 
pared to control or unearthed-up crop. This is 
contrary to the findings of Subramaniam and 
Ramiah [1935] at Mandya where light earthing 
had no adverse effect on tillering, but agrees with 
the findings in Bihar as stated by Sethi [1940]. 

(ii) Cane formation. The significant inter- 
ference in the tillering capacity is not limited to 
the young shoots alone but brings about a reduc- 
tion in the number of canes formed in comparison 
to the crop where normal earthing is carried out 
during rains or where the crop is left unearthed. 

’ During 1937-38 a decrease by 3, 6 and 9 per 
cent was observed in the number of canes formed 
per acre, respectively, under once, twice and 
thrice earthed-up crop in eonipariscn to the crop 
which was not earthed-up. This reduction in the 
number of canes formed per acre varied from 5 to 
14 per cent in 1940-41 and confirmed the observa- 
tions made during 1937-38. It was in 1939-40 that 
the number of canes formed in the treated area 
increased by about 5 per cent compared to the 
unearthed-up oro|). This increase in the number of 
canes was found to be insignificant on statistical 
analysis. Besides, it was observed that the 
average weight of the individual cane sticks, 
from the earthed-up crop, had slightly increased, 
and was proportionate with the number of earth- 
ings. 

{Hi) Yield. An increase in yield from 50 to 
100 md. per acre -was observed in the earthed- 
up crop of Co S 70 during 1937-38 and 1939-40. 
But in 1940-41 when the experiment was repeated 
with Co S. 178, one to two per cent decrease in 
the yield of sugarcane occurred under three and 
two earthings, though one earthing resulted ii^ 
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about 4J per cent increase over the uiiearthed- 
up crop. 

(tv) Juice quality. It has been observed by 
Sethi, aL [1937] that the percentage of sucrose 
and purity coefficient in juice slightty decreases 
on earthing up. This is confirmed from juice ana- 
lysis carried out at the time of harvest by taking 
two clumps from each plot and analysing the 
composite samples from each treatment. It would 
be observed from Table II, columns 12 and 13, 
that there is a slight decrease in the per cent 
sucrose and purity coefficient in the juice analysis 
data of Co S 70 for 1939-40. It is confirmed in 
the subsequent year from the juice analysis re- 
sults of Co S 178, where the decrease in the suc- 
rose percentage is from half to one per cent. 
The year 1937-38 happened to be rather an ab- 
normal year on account of a very severe attack 
of p}n'iUa, as a result of which the crop remained 
considerably poor in sugar contents, even as 
late as in April. The unearthed- up crop was 
poorer still as it had badly lodged. 

Summary and conclusions 

Light earthing-up, when the crop is young, 
has been found to be a useful measure in Mysore 
State as it protects the tender stalks of plants 
from the ravages of stem borer A. sticticraspis. 
This method of checking the borer damage to 
sugarcane plants was given a fair trial at Sugar- 


cane Besearch Station, Muzafiarna.aar, during 
1937-38, 1939-40 and I940-4-I.. , ,■ 

Three, two and one , earthing comineneed Ixoin 
the middle of May and repeated at monthly and 
fortnightly intervals were compared with the. 
unearthed- up crop. .The. various effects of early 
' earthing-up on, stem borer attack, tillering, cane 
formation, quality and quantity of the crop, 
were studied. It was observed that two to 
three earthings during May and June eonsiderablj 
reduced the borer attack. Tillering and cane 
formation is lowered but without materiali}' 
interfering with the yield and quality of cane at 
harvest. Two light earthings, one by the end of 
May and another by the middle of June foilowod 
by the final eartbing-up during rains, are 
recommended. 
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Introduction 

Cotton linters are those short fibres which 
are left on the seed after the lint has been re- 
moved in the ginning operation. These are sub- 
sequently extracted by a special process called 
delinting. These linters are now^-a-days used in 
numerous industries such as the manufacture of 
artificial silk, insulators, radio panels, non-shatter 
glass, bottle caps, cellulose acetate and nitrate 
lacquers, explosives, etc., and thus represent 
a valuable raw material in the economy of a 
country. Though linters appeared as an in- 
dustrial raw material in United States of America 
about the end of the nineteenth century, pro- 
duction of linters on a commercial scale was 
unknown in India until very recently w^hen the 
Indian Central Cotton Oonimittee began to take 


on 13 October 1913) 

an interest in the problem. At present a few' 
thousand bales of linters are produced annually 
in this country, but in the absence of any celulos'e 
industry in India, the producer has to depend 
on the foreign markets in which he meets with 
strong competition from the highly organized 
American linters industry. Consequently only 
a portion of the total material potentially availabie 
is at present recovered, wRile the remainder is 
disposed of wdth the seed and thus represents a 
clear loss to the country. 

Owing to the non-uniform quality of Indian 
linters, as will be seen from data presented in this 
report, considerable difficulty has been experienced 
in disposing of even the present small supply of 
linters. Therefore, if Indian linters are to bo put 
to their numerous industrial uses within or outside 
the country, it is necessary that they should be 
standardized in, different grades. Grading would 
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not only help in finding a reliable market for the 
raw material, but would pave the way for build- 
ing up a new industry, namely the chemical cotton 
industry in this country, which is the starting point 
for numerous other industries. 

Any sample of linters contains a certain quantity 
of trash associated with it, which is made up of 
dust, leaf rests, stalk-bits, boll husks, cut and uncut 
seed, etc. The larger the quantity of this trash 
or foreign matter, the lower in general is the grade 
of the sample, though the type or nature of the 
trash would also influence the grade to some extent. 
The estimation of the pure cellulose in a commer- 
cial sample can be carried out with a high degree 
of accuracy by means of a kier boiling and bleach- 
ing treatment and subsequent analysis, while the 
amount of trash can be approximately found by 
passing the sample through a suitable opening 
and cleaning machinery. The real basic raw 
material of the cellulose industry, which consumes 
about two-thirds of the available supply of 
linters, however, is alpha- cellulose which is pre- 
pared from the former by chemical methods. 
It was, therefore, decided that the alpha- cellulose 
content of the Indian linters should be ascertained 
experimentally and that these values should be 
correlated to the percentage of fibre and per- 
centage of trash as found by mechanical cleaning, 
as the latter method can be used more convenient- 
ly for grading the Mnters. 

In America the method of surface grading is 
followed for grading linters. gets of seven stand- 
ard grades of American linters are prepared by the 
Department of Agriculture, which are supplied to 
the purchasers on payment of a fixed sum. One 
such set of standard grades of American linters 
was obtained for the Technological Laboratory 
with a view to comparing Indian linters with the 
American linters. The results obtained by this 
method are also discussed in this report and com- 
pared with those obtained by the mechanical 
analysis. 

Material. The material to be investigated, viz. 
linters, belonged to the two seasons, 1938-39 
and 1939-40 and was obtained either from the 
ginning factories or from oil mills, mainly situated 
in northern India. An attempt was also made to 
obtain information as regards the variety of seed- 
cotton, the type of gin in which it was ginned and 
the t^e of delinting machine used in recovering 
the linters so as to correlate, if possible, these ' 
various factors. Information was also sought on 
the cost of production, the railway freight and the 
price of linters so as to take into account these 
economic factors, especially in the matter of 
comparison with the American linters. So far as 
1938-39 samples are concerned the information 
on these vkious points was far from being com- 


plete, but it was more definite as regards 1939-40 
samples. 

Experimental procedure {A) Analytical and {B) 
Surface grading 

(A) The analytical methods used on linters 
were (1) mechanical cleaning and (2) chemical 
treatment. 

(1) Mechanical cleaning. A sample of linters 
weighing 50 gm. was passed through the Shirley 
Analyser and the treatment was repeated on the 
trash until it ceased to deliver any appreciable 
quantity of fibre. The clean fibres thus obtained 
were found to be almost free from any impurities, 
but their quantity varied considerably according 
to the amount of trash present in the original 
sample. It should be stated that during the pas- 
sage of the sample through the Shirley Analyser 
some of the very short fibres were lost in the blast 
and their loss has been designated as the ‘ invisi- 
ble loss Furthermore, as it was not possible 
to ascertain the amount of dust in linters by this 
mechanical treatment, the ash content of the raw 
linters has also been determined as an index of 
dust content and has been tabulated along with 
the results of mechanical analysis. 

(2) Chemical treatment. A sample of linters 
weighing about 50 gm. was given, without any 
mechanical cleaning except the removal of whole 
seed, an alkali treatment in an autoclave with- 
out a stirrer under conditions stated below : 

10 per cent caustic soda on the weight of linters — 

1 : 10 bath ratio, 

5 hr. duration of treatment — 160® G. tempera- 
ture. 

Prior to alkali treatment the linters were wetted 
with 1 per cent solution of Lisapol A and the 
quantity of water retained by them was taken 
into account while fixiiig the bath ratio at 
1 : 10 . 

Linters removed from the autoclave were washed 
clean with water and soured with 1 per cent 
acetic acid solution for | hr., before they were 
subjected to the bleaching treatment. The con- 
ditions of this treatment were kept uniform 
throughout this investigation. The soured sample 
was kept for two hours in a calcium h}q:)ochio- 
rite solution with about 2 g/i available chlorine. 
The bath ratio of the linters to bleaching liquor 
was kept 1 : 20. On completion of hleacMng the 
linters were washed with water, soured for 15 
min. in a per cent solutioii of hydrochloric 
acid, washed free of the acid and finally dried. 

The chemical cotton thus obtained was tested 
for its alpha- cellulose content according to method 
described by Doree. The ash content of chemical 
cotton was also determined as it forms an impor - 
tant criterion of the quality of the material in 
many mdustries^ 
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(B) Surface grading. The American standards The green undeveloped seed which, was often 
for the year 1939-40 were accepted as the basis found in 1939-40 samples, inn.st also be avoided, 
for this study, A representative surface was It will be sliov\'n later that it tire quality 

prepared from each sample for comparison with of chemical cotton !>¥ iowei Lus tic.* niplia -cellulose 
standard American grades and the sample of content. The necessit}^ of prope?*iy eleani?ig the 
Indian linters was allotted that particular num- seed prior to delmting cannot be too strongly 
ber of the American grade with which it matched emphasized. 

best in general character. In most cases the Invisible loss. This is caused mostly by some 
Indian linters did not match exactly with the of the very short fibres beinof blowm off with tbe 


American ones in every detail, and consequently 
■ it was found necessary to note down the salient 
points of difference. 

' II.' Results akd discussiok 

The results of the mechanicai analysis of Indian 
linters of two seasons are given in Tables I (a) and 

I 

I (a) Discussion of the results of mechanical analysis 

\ In Tables I (a) and I (h) the results of mechanical 
i analysis have been given in terms of hbre, trash, 

invisible loss and for the sake of convenience of 
comparison the values of ash percentages are also 
shown. These will now be dealt with individually. 

Fibres, The wide variation in the fibre con- 
tents of the 1938-39 samples, ranging from 37*5 
to 80 per cent show clearly the urgent necessity of 
I standardizing Indian linters. Although the linters 
j,| of 1939-40 season show a considerable improve- 
ment over those of the previous season in this 
respect, it is certain • that further improve- 
ment would result from standardizing the Indian 
linters. The fibre percentage does not represent 
|, the total quantity of fibres present in a given 
* sample, as some of the very short ones may be 
blown off with the air- current, while others may 
remain in the trash in the form of neps and motes 
which are not opened up by the Shirley Analyser, 
For the present, however, the percentage of fibres 
as given in Tables I (a) and I {h) is accepted as a 
useful figure representing the quantit}^ of fibres in 
each case. 

Trash. A glance at the percentage of trash 
given by the mechanical cleaning will show that 
our delinting needs considerable improvement. 
In a number of cases, partieularly in the 1938-39 
season, the percentage of trash must be regarded 
as very high, denoting that either through lack of 
knowledge or care, the linters became adulterated 
with dust, seed and leaf rests. In fact, it is 
' difficult to understand how leaf rests could find 
their wmy to-I4nters to such an extent. Further- 
more, both cut and whole seed has been found in 
several samples of both the sea^sons which can 
only be due to carelessness or faulty delinting. 
Except in this respect, i.e. the presence of cut or 
whole seed, the linters of 1939-40 season show 
very considerable improvement oyer those of the 
previous season. 


air current and to a very sin all exf-ent by the fine 
particles of dust escaping along vith these sliorfc 
fibres. There is bound to be some fluctuation in 
the percentage of invisible loss as it ivouM depend 
upon the quality of linters. It may be noted that 
the invisible loss is ve.r 3 n, considerable in , case: of 
two samples Nos. 1 and 9 in 1938-39 season and in 
one sample No.. 8 in the following season. These 
apparently contained more short fibres or fuzz 
than the others. 

The invisible loss was comparatively small for 
the 1939-40 samples showing thereby that the 
extremely short fibres or fuzz were not removed 
from the seed during deliating. It is a contro- 
vertible point whether this practice should be 
encouraged, as it obidoiisly results in a lower yield 
of linters. In such cases it wuiiicl perhaps be 
better to have recourse to tw o cuts instead of 
only one and market the produce separately. In 
any case this problem offers scope especially 
with regard to. the economic factors. 

Ash. The determination of ash content of raw 
linters was undertaken as an index of the amount 
of dust in them, as the separation of dust from the 
trash was not possible. 

The ash content of ra’w linters of 1938-39 season 
fluctuates between 2 and 11-3 per cenr. This 
is a wide range and shows that iinters were not 
carefully handled. In fact, in tivo cases, viz. 
Nos. 8 and 12 the ash content is so high that it is 
difficult to explain it on the grounds of the natural 
impurities present in linters. Table I (a) show-s 
that the high ash content cannot alu'cys be attri- 
buted to the presence of leaf or seed rests. There 
are samples which have a very high percentage of 
trash consisting mainly either of seed rests or 
leaf rests but give a iow?^ ash content, and vic& 
versa. Hence, w'ben an abnormally high ash 
content is found in raw” linters, it is generalty due 
to dust and sand particles. 

Turning to the 1939-40 samples we find that 
except in tw^o cases, namely Nos. 9 and 23, the ash 
content is always below 3 per cent) wffijrb may be 
regarded as the maximum permissible limit, as 
generally speaking our experiments have sbowm 
that linters possessing less than 3 pe r cent ash con- 
tent give a chemical cotton whose ash content is 
below O ' 12 per cent which is the limit accepted for 
industrial chemical cotton. The need for 
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Table I (a) 

Results of mechanical analysis of Indian linters, 1938-39 season 

— ^ — — — ■ — ^ ^ ^ ^ Invisible i 

1 I Station Saw or Boiler gin Fibres Trash loss . 

ner cent per cent per cent per cent 




Sind-Hyderabad 
4F (Punjab) , 

285F (N. T.) Sind . 
285F (Mirpurkhas) . 

289F (Punjab) 

„ saw gin . 

,, roller gin 
Mixed roller gin 
4JB’- — 75 per cent \ 

Besi — 25 per cent f 
4F-— 70 per cent \ 

Desi— 50 per cent / 
289F — 91 per cent j 
4F— -7 per cent 
L. S. S. — 2 per cent J 
289F{sawgin) 

4F — 76 per cent 1 
-18 per cent ) 
289F — 6 per cent J 
289F — 91 per cent j 
per cent } 
L. S. S. — 2 per cent J 


Hyderabad, Sind 

Punjab 

Sind 

Mirpurkhas (1) 

( 2 ) 

Punjab 
j Sargodha . 


Saw gin . 
Boiler gin 
Saw gin 


Boiler gin 
Saw gin 

Saw gin 


Table I (6) 


rial 

To. 

Seed 

Station 


Saw or Boiler gin 

Fibres 
per cent 

Trash 
per cent 

Invisible 

loss 

per cent 

Ash 

per cent 

1 

4F . . . 

Khanewal . 


Saw 


81-0 

11*6 

7*4 

2-1 

2 

Mailsi 


Saw 


81*2 

12*6 

6*2 

1-7 

SA 


Vihari 


Saw 

. 

78-2 

14*2 

7*6 

2*4 

3B 

SSOT . . ■ 



Saw 

. 

83-0 

9*8 

7*2 

1*6 

1-4 

4 

Desi~—20 per cent \ 

Okara 


Saw 


86-8 

8*2 

5-0 

5 

P.-A. — 80 per cent / j 
Dm — 50 per cent \ : 

» » • • 


Saw 

. . 

86’4 

6*4 

7*2 

1*4 

6 

P.-A. — 50 per cent f 
285P . • 

Hyderabad, Sind. 

Saw and Boiler 

83-8 

11*6 

4*6 

2*3 

7 

8 

»> • * * 

9> ^ • 

Navsari 


mixed 

. 

, 

82-4 

70-6 

11*6 

14-0 

6-0 

15*4 

2*2' 

2*0 

9 

4F' 

Burewala . 


Saw . 


75-0 

18*0 

7*0 

3*8 

10 

289F . 

Sargodha . 


Saw . 


82-0 

9*4 

8*6 

2*1 

'1*5 

11 

BesiSO per cent \ 

Okara 


Saw . 


83 0 

10*6 

6*4 , , 

12 

P.-A.—70 per cent / 
2S9F . . . , 

Mianchannu 


Saw . ' 


82-0 

10-6 

.■■■■:'.7*4;- 

,2'*:i 

13 

4F 

Arafwala . 


Saw . 


76-4 

18*0 

, 5 :* 6-". 

, ■ , 2 *5,, , 

14 

4F . . . ; 

Montogmery 


Saw . 


80-6 

13*2 

6-2 

1*9 

15 

289F — 75 per cent \ 

Mianchannu 


Saw . 


85*6 

10 *4 

4-0 

2*6 

16 

4F— 26 per cent / 

289F . 

Khanewal . 


Saw . 


78 *6 

■■ A4*0':^ 

-7* 4:^ 

2*6 

17 

B c ^ i — 1 5 per cent \ 

Lyailpur 


Saw . 


80 *8 

'/■; " 14*4:'. 

1: 4'* 8 

2*1 

18 

4F — 85 per cent J 
4F , . . 

Mianchannu 


Saw . 


90*0 

'O- 4'" 

3*6 

1*3 

19 

4F - . . 

Khanewal . 


Saw . 


. 88 -0 



2*2 

20 

289F 

Sargodha . 


Saw . 


82-0 


.7^2^ 

2*0 

21 

289F . 

Mianchannu 


Saw . 


87-'2.:^:,' 

.'■':;6:*8:-j 

■..••a-'O,: 

■■ ' 2' *' 2 ' 

22 

4F . . . 1 

99 


Saw . 


88*2 


5*2 

2*8 

23 

289F . . . 1 

99 • . 


Roller 


67*4 


7-0 

'■,;:a,*2.'. 
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cleanliness especiaiiy from dust and sand, 
cannot be sufficiently stressed, as these 
impurities are mainly responsible for the high 
ash content of chemical cotton prepared from 
linters,,' ■ ■■ 

Ejfect of variety and gin. Taking 1938-.39 sam- 
ples first it will be seen that the results of mechani- 
cal analysis vary very considerably even for the 
same variety. For example, three samples of 
2 85F differ to the extent of about 20 per cent 
fibre content and four samples of 289F show even 
a still greater variation. Most probably these 
differences are due to the degree of care and atten- 
tion paid to delinting at the various stations. 

The type of gin seems to have a very pronounced 
effect on the quality of linters. For example, 
hTos. 7 and 8, both belong to 289F and are both 
delinted at the same station ; yet they gave very 
different results, showing that saw gin is pre- 
ferable to roller gin, so far as the quality of linters 
removed subsequently is concerned. This con- 
clusion is supported by the results pertaining to 
Nos. 12 and 15 which are mixtures of the same 
variety of seed in the same proportions, but were 
ginned in roller and saw gin respectively. ,We 
may, therefore', conclude on the basis of these 
results that the quality of linters is better from a 
saw-ginned than from roller-ginned seed. 

Turning to the 1939-40 samples, it will be 
noticed that the same type of seed has given very 
nearly the same quality of linters regardless of the 
station at which it was delinted. Small variations 
are of course unavoidable, but on the whole, the 
results of the eight samples of 4F, six samples 
of 289F and three samples of 285F are much more 
concordant and uniform than those, observed for 
the 1938-39 samples. Comparison of the different 
varieties of seed shows that on the average 4F 
seed gave linters with slightly higher fibre content 
and slightly lower trash content than those from 
289F or 285F seed among which there was nothing 
much to choose in this respect. The invisible 
loss was also lower, on the average, for the linters 
from the 4F seed than for the other two types of 
seeds, but the average ash content was lowest for 
the linters from the 285F seed. 

As regards the effect of the type of gin, there is 
only one instance in which both roller and saw 
gins had been used with the same seed, viz. 289F. 
The difference of nearly 20 per cent in the fibre 
content of the two samples— -Nos. 21 and 23 — 
supports the conclusion drawn from the linters 
of the previous season that saw-ginned seed gives a 
better quality of linters than the roller-ginned 
seed.'""" W"- 

The types of machines used for delinting the seed 
were generally speaking either ' Continental ’ 
or 'Carvers’, the former being somewhat more 
common than the latter. In one case we came 


across ' Yerner ’ type of machine while at 
another place locally made delinting machine 
seems to have given quite satisfactory results. 

Results of the chemical analysis of Indian 
linters of two seasons are given below in Tables 
II (a) and II (6) : 

Table II (a) 

Results of chemical analysis of Indian linters 
1938-39 season 

Alpha-, Dry alpha- 
cellulose cellulose 
Chemical in in air- Ash 

Serial cotton chemical dry per cent 

No. per cent cotton linters 

per cent per cent 

1 74-0 98 '0 67-1 0*08 

2 76-0 99 '0 69-6 0-07 

3 77-0 98-0 69*8 0-12 

4 66-0 97-0 59-2 0*14 

6 68-0 85*0 45*6 0-15 

6 78*0 99-0 71*4 0-29 

7 74*0 98*0 67*1 0*37 

8 60*0 96*0 63*3 0*41 

9 46*0 90*0 38*3 0*24 

10 76*0 98*0 68*0 0*09 

11 68*0 95*0 69*7 0*41 

12 49*0 91*0 41*2 2-12 

13 62*0 98-0 66‘2 0*28 

14 58*0 94*0 50*4 0*13 

16 68*0 96*0 60*4 0*16 

(b) Discussion of the results of chemical 
analysis 

The results of the chemical analysis are given 
in Tables II (a) and 11(6) in terms of the 
percentages of chemical cotton in linters, of 
alpha-cellulose in chemical cotton, of dry alpha- 
cellulose in air-dry linters and of the ash per- 
centage of chemical cotton ; these are dealt with 
individually below. 

Chemical cotton. In case of the 1938-39 sam- 
ples [Table II (a)] the variation in the percen- 
tages of chemical cotton is roughly of the same 
magnitude as shown by the fibre content [Table 
1(a)]. Similarly, the linters of the 1939-40 season 
[Table II (6)] show a much smaller variation in 
their chemical cotton percentages, which is 
roughly of the same order as the variation shown 
by the fibre content of these samples [Table I (6)]. 
This correspondence between the results of two 
treatments indicates the likelihood of a definite 
relationship between the two series. It must, 
however, be remembered that it is not the che- 
mical cotton, but the alpha- cellulose which is 
regarded as a standard or criterion of quality 
by the cellulose industry and we shall therefore 
proceed to consider the results pertaining to 
alpha- cellulose. 

Alpha-cellulose in chemical cotton. The alpha- 
cellulose content of the chemical cotton obtain- 
ed from linters of the 1938-39 season was founa 
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Table II (6) 

Results of chemical analysis of Indian Unters 
lJo9~ 40 season 


Chemical 
cotton 
per cent 


Alpha- 

celiiilose 

in 

chemical 
cotton 
' per cent 


i Dry aipha- 
! cellulose 
' in 
air-dry 
linters 
per cent 


Ash 
per cent 


to vary from 85 to 99 per cent. A variation of 
this magnitude is undesirable from the com- 
mercial point of view as the cotton generally con- 
tains a very small quantity of hemi-cellulose 
^^i^hich do not ordinarily exceed 2 per cent. The 
high percentage of hemi-cellulose in some of 
the 1938-39 linters can only be attributed to 
the presence of foreign matter in the form of 
leaf or seed rests which must have persisted 
even up to the stage of the chemical cotton. 

If we compare Tables I (a) and II (6) with a 
view to establishing a relationship, if any, be- 
tween the alpha- cellulose content of the chemical 
cotton and the trash percentage present in the 
original samples, it will be found that up to a 
trash content of 17* 5 per cent the linters yield a 
chemical cotton with an alpha- cellulose content 
of not less than 98 per cent which is the permis- 
sible minimum for rayon manufacture.' But 
linters having a trash content of 17-5 — 32-5 per 
cent yielded chemical cotton with alpha- cellub se 
content varying from 94 to 98 per cent while 
the chemical cotton prepared from linters having 
a still higher trash content, namely from 32^5 to 
47*5 per cent possessed alpha-cellulose content 
varying frcm 85 to 91 per cent. The only ex- 
ception to this grouping is No. 13 which in spite 
of having a trash content of more than 17*5 per 


cent yielded chemical cotton with 98 per cent 
alpha- cellulose. This, however, was due to the 
fact that the sample contained a considerable 
. quantity of seed, which was removed before it 
was subjected to the chemical treatment. 

Turning now to 1939-40 samples we find 
again that, on the whole, the linters are much 
superior to those of the previous season as two- 
thirds of these yielded chemical cotton with 
alpha- cellulose content up to the industrial stan- 
dard of 98 per cent or above. Even in the remain- 
ing one-third the alpha- cellulose content is not 
very low, the lowest value being 96 5 per cent.. 

It is, however, noteworthy that unlike the 
1938-39 samples, those of 1939-40 do not show 
direct relation between trash percentage and alpha- 
cellulose content while it may be stated in general 
that linters having low trash percentage will 
yield a chemical cotton with a high alpha- cellu- 
lose content. It must be remembered that it is 
not always the quantity but also the nature of 
the impurities present in raw linters which will 
finally determine the alpha- cellulose content of 
the chemical cotton from it. Thus, whereas a fairly 
high trash content in the form of leaf, stalk bits, 
etc., would be removed in the chemical process 
and may not therefore affect appreciably the 
alpha-cellulose content of the chemical cotton, a 
relatively low trash content in the form of un- 
developed or crushed seed may persist in the chemi- 
cal treatment, and may lower the alpha- cellulose 
content beyond the industrially permissible limit. 

Dry alpha- cellulose in air- dry linters. The dry 
alpha- cellulose content of the air-dry linters 
is the real indicator of the quality of linters 
from the industrial point of view. This has been 
calculated for both the seasons and the values 
are given in Tables II (a) and II (6). 

Ash content of chemical cotton. As meLV be 
seen from Table 11 (a), the ash content of the chemi- 
cal cotton obtained from linters of 1938-39 season 
varied from 0-07 — 0-41 per cent with the excep- 
tion of No. 12 of which the ash content was found 
to be as high as 2*12 per cent. While discussing 
ash content of raw linters, the abnormally high 
values were attributed to the presence of dust 
particles present in the samples. This explana- 
tion is actualty corroborated by the following 
experiment. 

Chemical cotton No. 12 which gave an abnor- 
mally high ash content of 2*12 per cent was 
shaken for half an hour in w^ater over a fine sieve 
for removing small particles of dust. By this 
simple treatment the ash content came down to 
0’ 59 per cent, i.e. riearly one-fouith of the original 
value. Three further similar treatments brought 
down the ash content of the same sample to 
0*35 per cent proving definitely that the high 
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percentage of asii was due to the presence of dust 
particles embedded in the linters which could 

treatment giTen 

rriiT samples but required a special treatment. 
^ Ihe tolerance for ash content is 0*12 per cent 
in^ case of industrial chemical cotton, while the 
ash content of the chemical cotton obtained from 
a number of samples was found to be higher than 
0*12 per cent [Table II (a)]. As shown above, 
It can be brought down by suitable adjustments 
m processing in the form of either a preliminary 
mechanical cleaning or a series of rifflers pre- 
ceding the final washing. Such treatment how’^- 
ever, would add to the cost of manufacture of 
chemical cotton, and, therefore, the best course 
would be to improve delmting so as to avoid 
admixture of dust with linters. 

The as^h content of the chemical cotton of 
1939-40 linters is found to be satisfactory in all 
cases except only two, namely Nos. 9 and 23. 

While the percentage of trash gives no indica- 
tion as to the amount of dust present in the sam- 
ple, the ash content of raw linters and that of 
chemical cotton prepared from it are associated 
with one another. In view of this observation the 
ash content of raw linters may advantageously be 
introduced as a factor in the grading of linters. 

If ax. As some samples of linters (of the 1938- 
39 season) appeared to contain more oil or fat 
than the rest, it was decided to treat three selected 


samples with benzine in a Soxhiet apparatus for 
SIX hours for fat extraction. The results are stated 
below : 

Serial No. Percentage of 

benzene extract 

“ • ■ • • . 0-76 

7 .... . 0-64 

® • • . . . 0-88 

In each case the fat and wax content is somewhat 
higher than the highest found in Indian cottons. 
Its presence, however, is not harmful as the fat 
would be saponified during the alkali treatment 
To test this point the wax content of the chemieai 
cotton of No. 9 which gave the highe.st war con- 
tent in raw state was determined and found to be 
0-12 per cent which is below the tolerance limit 
of 0-34: per cent, showing that mo.st of the original 
fat and wax in the sample bad been remo ved by the 
normal chemical treatment. The position, how- 
ever, would bo quite different if a .sample were 
contaminated with mineral oil, iv-hieh cannot be 
saponified by the alkali treatment, and would 
therefore remain in the chemical cotton possibly 
rendering it unsuitable for industrial use. Con- 
tamination with mineral oils must therefore be 
avoided. 

Surface grading. The results of surface grad 
mg of linters, which it must be pointed out have 
been tried for the first time in India are mven In 
Tables III (a) and III (6). « given m 


Table III (a) 


Serial 

Matching 1 
• Kc 

J. S. Grade 
. in 



Foreign matter 


No. 

1 

Character 

5 

Colour 

- 1 

1 Leaf 

Yellowish white i 

Stalk 

, 

Seed 

Eemarks 


(Between 4 and 5) 


(Between 1 and 2 ) 


9 (4.-5) 

10 2 » 

11 I (Between 3 and 4) 

12 ! (Between 4 and 5) 

13 ' ' 2 \ ' . 2 


B (Between 2 and 4) j I 


Greyisli white Some * Some 

*••• Fair amount of 

small brown leaf 

• • • • Fairly large quantity Some 

I of large brown 
„ ■] ^oaf 

Fair amount of Some 

large leaf 

Some brown and . 

some black leaf 

• • • • Fair amount of Some 

black peppery leaf 

•V Some black and . , 

I ^ ’brown leaf 

1 Greyish white Large amount Some 

” Some peppery leaf ... 

Some black peppery Some 

leaf 

Fair amount of Some 

brown leaf 

Some brown leaf 


Greyish white 


. HUrtiitrLy ox cotton flhrPi 


Small quantity 
of broken seed 


Fairly large quantity Fairly large 
quantity 

Large brown leaf Some 


Hen y of cut The foreign matter was sticking 
uniformly disSbS 
throughout tile sample 


®Sffeed ‘?on flte “ <Haiitity of cot. 

Large amount 
of seed 


' Tjarge amount of 
crushed seed 
Large amount of 
uncrushed seed 


The red leaf which the sample 
contained appears to be foreign 
its origin ^ 

This sample was a heterogenous 
mixture of 3 possibly 4 grades ^ 



THE INDIAN JOURNAD OE AGRICULTURAL SCIENCE 
Table III (6) 

Results of surface grading of Indian linters 1939-40 season 


MatcMag U. S. Grade 

■'"■"Ho. 'In 


Eemarks 


'Serial 

Ko. 


Colour 


Clmracter 


It also contained boll-rests 


It also contained some boll husks 


Also some black seeds (Egyptian?) 


Some cotton fibres distributed 
throughout 


Some of the seeds were in clusters 



I Foreign matter 


Colour 

Leaf 

Stalk 

Seed 

Greyish -white 

Some small brown 
and peppery leaf 

Some 



„ „ ,, 

Few 

Undeveloped 
green seed 

Greyish 

Small 

Small 

Fair amount of 
undeveloped 
seed 


Small black peppery 
leaf 


Few 



Large amount . 

Greyish white 

Small 


Some whole seed 

JJ 

Fair quantity of 
small black leaf 


Small quantity 

Dirty yellow 

Fair quantity of 
brown leaf 



Very dirty 

yellow 

Large quantity 


Some crushed 
seed 

Dirty brown 




Greyish white 

Fair amount 




Some 



Greyish white 

Slight 


Fair quantity . 

Whiter than 
U. S. Grade 
No. 1 

Some 


Small quantity 
of undeveloped 
seed 

Whiter than 
U. S. Grade 
No. 2 

Slight 


Large quantity 
of whole seed 

Greyish white 

Large quantity of 
peppery leaf 


Some crushed 
seed 


Some leaf, also 

peppery 


Fairly large 

quantity of 
crushed seed 


Black peppery leaf 


Slight crushed 
seed 

Greyish white 

Fairly large amount 
of brown and 
peppery leaf 


Some crushed 
seed 

Whiter than 
U. S, Grade 
No. 1 

Fair amount of 

dark brown leaf 


Some unde- 

veloped seed 

Greyish white 

Some dark brown 
and black peppery 
leaf 


Slight 

Whiter than 
U. S. Grade 
No. 2 

Small quantity of 
■ brown and black 
peppery leaf 


Some whole seed 


Small 


i Small quantity 
of whole 

crushed seed 

Whiter than 
U. S. Grade 
No. 2 

Small quantity of 
black peppery leaf 


Very small 

quantity of 

whole and 

crushed seed 

Whiter than 
U. S. Grade 
No. 3 

Plenty 

Plenty 

Plenty cut and 
whole 
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(c) Discussion of the results of surface grading 

In connection witK tK is important 

to bear in mind two pomts. In the first place it 
is customary to take into account staple, 
foreign matter, colour and character indicating 
the grade of a sample. In the present work, 
however, only the staple and character of Indian 
linters have contributed towards the fixing 
of the grade, the other two factors, viz. the colour 
and foreign matter having been noted down 
separately. Secondly, no effort has been made to 
give a final grade to any sample. Only in case 
of character a definite grade number is given, but 
the final grade must emerge out of it after the 
other factors especially colour and amount and 
type of foreign matter are given due consideration. 
In the case of colour, it is not yet established to 
what extent ' dirty yellow ‘ dirty brown ’ or 
‘greyish white', etc., should influence the grade 
number while as regards foreign matter, it will be 
seen that this important factor has been simply 
noted down as observed. In the present state 
of affairs this procedure was inevitable, but when 
Indian standards of grades are prepared, these 
factors will have to be taken into account, and 
then it would be possible to fix closely the grade 
of a sample by comparison against the standards. 
Even with the limitations noted above, the results 
of surface grading are very interesting and are 
discussed below. 

Staple and character. We note from Table III 
(a) that five samples out of 15 matched the Ameri- 
can grade No. 2, one was slightly better, while of 
the remaining eight were inferior, matching grade 
Nos. 3, 4 and 5. One sample— No. 15 — w^as pe- 
culiar in the sense that it was a clear mixture of 
two types of linters, one of which was superior to 
the other. None of the 15 samples matched the 
American grade No. 1, while none of them w^as 
below No. 5 in grade. Thus, the limits, in terms of 
the American grades, for these 15 samples w^ere set 
by No. 2 and No. 5, roughly one-thiid matching 
No. 2 and the remaining being of inferior grades. 
Turning to the 1939-40 samples we find that three 
out of the 24 samples were of such superior 
quality as to match the American grade No. 1 
in character, 'one was slightly lower (between 
1 and 2), 8 samples matched grade No. 2, two 
were slightly Tower (between 2 and 3), seven 
samples matched grade No. 3, while only two 
samples were below grade No. 3 . Among the 
latter only one sample was of real inferior quality 
lying between grade Nos. 6 and 7, while the 
other matched grade No. 4. Here again one 
sample— No. 3B— was found to be a mixture of 
two types, one of which was definitely superior to 
the other. , Thus, if we ignore only two samples 
Nos. 3A and 8 the limits for these samples are set 


by grade Nos. 1 and 3, the majority of them 
matching either No. 2 or No. 3. ' These results 
bring out clearly the impioveinent in the grade of 
the 1939-40 samples as compared with those of the 
earlier season, of course, with respect to staple 
and character. 

Colour, The colour of Indian linters was found 
in most cases to be different from that of the 
American standard which w^ere ‘reddish brown 
the colour being practically absent in standard 
No. 1 and successively increasing in intensity 
towards the last standard No. 7. On the other 
hand, some of the Indian linters were white, 
whiter than even American standard No. 1, others 
were greyish, white to grey, while yet others were 
more or less brownish in colour. 

It is interesting to note that as a rule the 4F 
seed gave linters which were greyish white in 
colour in general and white or grey in a few cases. 
In case of mixtures wherever the 4F seed pre- 
dominates, the greyish white colour was to be 
noticed. On the other hand the linters from the 
289F seed showed in most cases a distinct brownish 
colour though in a few cases it was white or dirty 
brown. On the whole the colour of the linters 
obtained from the 289F seed resembled the colour 
of the American linters, while the linters from the 
285F seed resembled those of 289F seed, though 
the former showed a yellowish tinge which lent 
a rather dirty appearance to the linters. 

Foreign matter. This is sub-divided into three 
heads— leaf, stalk and seed— and the quantity 
visually observed in each case is also set down in 
terms of ‘ fair ‘ large ‘ fairly large ’ ‘ small 
‘ slight etc. 

It is interesting to note in this connection the 
relation existing between the kind and quantity of 
foreign matter present in the raw linters and the 
alpha-cellulose content of the chemical cotton 
obtained from them. The general conclusiGns 
w^hich are applicable to linters of both the seasons, 
are given below. 

(а) So long as the. quantity of leaf or stalk was 
‘ small ’ or in ‘ fair amount ’ and the sample did 
not contain either crushed or undeveloped seed 
in an appreciable quantity the chemical cotton 
obtained from it g^"^^ alpha- cellulose content 
of at least 98 per cent. 

(б) If, however, the sample of linters contained 
‘ large '’of ‘ fairly large ' quantity of leaf or an 
appreciahle quantity of undeveloped seed or even 
a small quantity of crushed or whole seed which 
is not removed by mechanical means, the chemical 
cotton obtained from it gave an alpha-cellulose 
content of less than 98 per cent. Thus, the 
presence in linters of seed, particularly crushed 
seed is very detrimental to the quality of the 



CompuTison of some resvlfs cf mechanical analysts and chemical analysis^ 1938-39 season 


chemical cotton obtained from them, while the 
presence of leaf in linters is relatively less dele- 
terious. 

III. GoMBAKISON OB THE BESULTS OF MECHANI- 
CAL CHEMICAL ANALYSES 

A comparison of the values given in col-umns A 
and B in Table IV shows that in most cases the 
yield of chemical cotton is actually higher than 
that of the clean fibre as shown by the values in 
column D. This apparent discrepancy is due 
to two factors ; ( 1 ) some of the short fibres present 

in a sample are blown off as invisible loss in the 
Shirley Anah^ser, while in the chemical treatment 
they contribute towards the yield of the chemical 
cotton and (2) in the Shirley Analyser some neps 
and .motes are lost as trash while these too give 
their quota in the chemical treatment. Since 
the alpha- cellulose content, in which the useless 
hemi- celluloses are left out of consideration is very 
important, its values are reproduced in column C, 
while column E gives the difference between it and 
the fibre content. 

The coefficients of variation of the differences 
h>ve l>een 'worked out in each case. It will he 


seen that the coefficient of variation of the dif- 
ferences between the fibre content and chemical 
cotton is more than double of that obtained for 
the differences between fibre content and alpha- 
cellulose, showing that alpha-cellulose bears a 
closer relation to the fibre content than chemical 
cotton. Nevertheless its high value of 75 per cent 
should serve as a w^arning against accepting the ' 
fibre- content of mechanical analysis as a true 
index of the alpha- content of a sample of linters . 

In view of the fact that the invisible loss sus- 
tained in the Shirley Analyser is almost wholly 
of short fibres or fuzz which, as explained above, 
make their contribution in the chemical treat- 
ment, an attempt was made to find a relation- 
ship by adding the invisible loss to the quantity^ 
of fibres actually separated by the Shirleys Ana- 
lyser. The results obtained are given in Table V. 

It is very interesting to note that the coefficient 
of variation of the differences between the fibre 
content and the alpha- cellulose, which was 75 
per cent (Table IV), has, by the inclusion of the 
invisible loss, come do-vmto 13-1 per cent for the 
1938-39 season samples. Similarly for the 1939- 
40 samples the coefficient of variation of the dif- 
ferences betw’-een the total fibre content and the 
alpha-ceUulose content works out at 10*1 per cent 


Table IV 


' ' 

Chemical cotton 
chemically 
analysed — 

Per cent 

B 

Dry alpha-cellu-r 
lose in air* dry 
linters — ■ 

Per cent 

C 

Difference 
(A— B) 

D 

74*0 

67*1 

■—11*5 

76*0 

69-6 

—I-O 

77*0 

69*8 

—4*5 

66*0 

59-2 


68-0 

45*6 

—5-5 

78*0 

71*4 

2*0 

74*0 

67*1 

1-0 

60*0 

53*3 

—2*5 

46*0 

38-3 

—8*5 

75*0 

68*0 

0*0 

68*0 

59*7 

— -0*5 

49*0 

41*2 

—4*0 

62*0 

56*2 

—2*0 

.58-0 

50*4 

—0*4 

68*0 

60-4 

2*0 

989*0 

877*3 

—36*5 

65 • 9 per cent 

58*5 per cent 

--2 *4 

15*4 percent 

18 • 5 per cent 

156*9 percent 


6-01 

75 • 0 
per cent 
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_„ 4.6 
' 5*4 
2*7 
5*8 
6*9 
■ 8 * 6 ' 
7*9 
4*2 
— 0*8 
7*0 
■ 7*8.' 
3*8 
3*8 
7-1 
9*6 


Difference 

(A-C) 


Serial 
No. ' i 

' , .Fibres 
mechanicall3^ 
analysed— 
Per cent 

■ ■ A ' 


62*5 


75*0 

3 

72*5 

. 4 

65*0 

■■■'' : 5 ■ ■ 

52*5 

6 

80*0 

7 ■ i 

75*0 

8 

57*5 

9 

37-5 

10 

75*0 

11 

. . .67-5 

12 

1 .,.45*0': 

13 

60-0 

14 

'■ 57-5 

15 

70 * 0 

Total 

952*5 

■Mean 
Cceff. 1 
of va- Y 

63-5 per cent 

nation J 

19*0 per cent 


r 




ANALYSIS, GHADtN& AND UTfLlZAflON OF INDIAN' LINFEBS 

Table V 

Differences between the total fibre and alpha-cellulose contents in Unter samples 


Serial 

No. 

Fibre 
per cent 

' F ■ 

1 Invisible 

loss per cent 

/ 

Total fibre 
per cent 

F+f 

' Dry alpha-celinlose 
in air-dry linters 

a 

Dilfereiiee-— 
Total fibre 
minus alpha - 
cellulose 

F+S—a 

' 1 ■■ 

i. , ' 62*5 

22*5 

1938-39 

85*0 

j r ^ 

67*1 

17*9' 

2 

75-0 

10*0 

85*0 

69-6 

15*4 . 

. 3 

72*5 

10*0 

82-5 

69*8 

12*7 

4 

65-0 

12*5 

! . 77*5 

59* 2 

18*3 

5 

52-5 

10*0 

52*5 

45*6 

16*9 ■ 

6 

80-0 

7*5 

87-5 

71-4 

16*1 

7 

■ 75*0 

10*0 

85*0 

67*1 

17*9 

8 

57*5 

10-0 

67*5 

53*3 

14*2 

9 

37*5 

15*0 

52*5 

38*3 

14*2 

iO 

75*0 

10-0 

85-0 

68*0 

17*0 

11 

■■ 67-5 

12*5 

80-0 

59*7 I 

20*3 

12 

45*0 

10*0 

55*0 

41*2 I 

13*8 

13 ! 

60-0 . 

12*5 

72*5 

56*2 ! 

16*3 

14 

57*5 

10*0 i 

67*5 

50*4 i 

17*1 

15 

70-0' 

10*0 I 

1 

80-0 

60*4 : 

'i' 

19*6 


Coefficient of ^^ariation : 13*1 per cent 


1939-40 


1 

81-0* 

7*4 

88*4 

69*4 

19*0 

2 

81-2 

6*2 

87 * 4 

70*5 

16*9 

3A 

78*2 

7‘6 

85*8 

67-8 

18*2 

3B 

83*0 

7*2 

90*2 

74*6 

16-6 

4 

86*8 

5*0 

91*8 

75*7 

16*1 

5 

86*4 

7*2 

i 93*6 

76*8 

16*8 

6 

83*8 

4 • 6 

88*4 

74-0 

14*4 

7 

82*4 

6*0 

1 88*4 

73*3 

15*1 

.8 

70*6 

15*4 

86*0 

67*4 

■ 18*0 ' 

9 

75*0 

7*0 

82-0 

66*2 

16-8 

10 

82*0 

8-6 

1 90 0 

7*2*8 

.. . . 17 *8 . 

11 

83*0 

6-4 

1 89*4 

70*7 

18*7 

12 

82*0 

7*4 

89*4 

72*4 

17*0 

13 

76*4 

5* 6 

82*0 

66*2 

15*8 

14 

80*6 

6*2 

86*8 

68*9 

17*9 

15 

85*6 ' 

4*0 

89*6 

71*5 

18-1 

16 

78*6 

7*4 

86*0 

■ 68*4 

17*6 

17 

80*8 . 

4*8 ! 

85*6 

72*5 ' 

13*1 

18 

90*0 

■3*6 1 

93*6 

78- 9 

14*7 

19 

88*0 

6*8, ! 

94*8 

74*8 

20 O'' 

20 j 

'82*0 

7*2 ,, 

89*2 

,70*0 

■■ ,i9*'2,. 

21 ! 

87*2 

6*0 

93*2 

74*3 

,''I8*if ■■■ ■" 

■ 'v22' -1 

88*2 

5*2 

93*4 

75*9 

'■17‘5 ■ ' 

23 

67*4 

7*0 

74-4 

56*3 

18*1 . ' 


Coefficient of variation : 


10- 1 per cent 


Total (39 readings) 
Mean (39 readings) 


] 


Coefficeint of variation per cent 


11*3 
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which is even better than that obtained for 1938- 
39 samples. The mean value of this difference 
for the two seasons comes out to be 16 * 9. 

The small values of the coefficient of variation 
and the general run of the data relating to linters 
of widely varying qualities belonging to two 
different seasons led us to suspect that a general 
relationship exists betv^een the total fibre- content 
and the alpha- cellulose content of sample of Indian 
linters. In order to find this relationship a linear 
regression of the form y==a-^bx, where y is the 
aipha-cellulose content (a), x is the total fibre 
content [F + /)> ^^d a and h are constants, was 
fitted to the 39 observations given in Table V, 
and its equation was found to be: 

y =0* 9401 11-9271 (1) 

The difference of the coefficient (0*9404) of the 
total fibre content {x) from unity is 0 • 0596 with a 
standard error of 0-029 showing that it is not 
significantly different from unity ; while the stan- 
dard error of the constant, a (11-9271), is 2-420 
which is thus significantly different from zero. 
Thus, the equation (1) may be replaced by 

a^F+f-^K ...( 2 ) 

where K is a constant and has a value of 16-9. 

This formula is not only very interesting but 
highly useful, as it enables one to predict, with a 
fair degree of accuracy, the alpha- cellulose con- 
tent of a sample of Indian linters without actually 
performing the chemical test on it but merely from 
the results of mechanical analysis which is com- 
paratively quicker and less elaborate. In order to 
judge the validity and limits of usefulness of this 
formula, the values of alpha- cellulose content of 
all the samples of linters of the tw^o seasons w^ere 
calculated and compared with the experimental 
valnes. Table VI gives the distribution of 
differences between the calculated and the pre- 
dicted values. 

Table VI V 


Difference (per cent) 


0 — 1-0 . 
M— 2-0 . 

2- 1— 3-0 . 

3- 1—4-0 . 

4- 1— 5-0 . 

5- 1— 6-0 . 
6*1— 7-0 . 


No. of value 


2 Average 2 • 3 
per cent 


It will be seen that for 20 samples out of 39 the 
diffe/ence between the actual and the calculated 
values of the alpha-cellulose content is less than 
3 per cent, while only in five eases it exceeds 5 


per cent. The average difference betw^een tl© 
actual and the calculated values for both seasons 
is only 2 - 3 per cent. This agreement must be re- 
garded as very satisfactory and the formula may be 
used confidently for estimating the alpha-cellulose 
content of Indian linters. 

IV. COMPAEISON OF THE STJEFACE GBADINU 
METHOD WITH MECHANICAL ANALYSIS 

The method generally adopted in America for 
grading linters takes into account the following 
four points (1) staple, (2) foreign matter, (3) colour 
and (4) character. I he significance of each of the 
factors may be briefiy explained as follows : 

8ta])le. The exact significance of this term 
is somewhat different from what is generally 
understood in the case of cotton.- In case of 
linters it refers to the aggregate impression or 
estimation of the different blends of long and 
short fibres present in a sample, and is deter- 
mined chiefly by the relative proportion of each 
class of fibre. 

Foreign matter. It generally consists of stalks, 
leaves, motes, hull particles, dirt and any other 
matter adhering to the linters. In preparing 
the standards, allow'ance is made for specified 
quantities of foreign matter in each grade. All 
samples having more foreign matter than that 
specified in a standard are classed 'off grade! 

Colour. Olive and buff’ are the colours refer- 
red toil! American official grides, but generally 
those who deal in linters call them 'green’ and 
'cream! 

Character. This property is rather difficult to 
define in terms of physical attributes. It refers 
to the section of the cotton belt, or the area in 
which the seed cotton, from which the linters 
are. obtained, is grown. 

In United States of America linters have been 
standardized in seven grades. The delinting 
process may be carried out in two ways. The 
seed may be delinted in one single operation 
removing the long as well as the short fibres 
together, the linters thus obtained being designat- 
ed ‘ Mill-run! Alternatively, the seed may be 
delinted in two successive operations, the first 
one removing mostly the long hairs called 'first ^ 
cut’ and the' second one removing the remaining 
fibres on the seed, called 'second cut! The 
‘first cut’ generally gives grades Nos. 1, 2 and 3, 
while the 'second cut’ delivers grades Nos. 5, 6 
and 7. The proportion of the first cut to the 
second cut is roughly 1 : 4 by weight. Very 
often the seed is delinted at once and the 'mill- 
run’ thus obtained is generally classified in grades 
Nos. 3, 4 and 5. 

First cuts : Cuts ranging from 20 to 50 lb. per 
ton of seed have generally become known as first 
cuts or first cut linters. 
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Mill runs : Cuts ranging from about 35 to 100 
. lb. or more per ton of seed are known as mill runs 
or mill run linters. 

Second ctifs : After a first cutting, » especially 
if not over 50 lb. per ton of seed have been removed 
in the first delinting, the seeds are frequently 
passed through the delinting machine a second 
time. The linters thus recovered are knowm 
as second cuts. The total quantity of linters 
cut ranges from about 30 lb. to as high as 200 lb. 
per ton of seed. 

In India the processes of recovering the linters 
have not yet become standardized, wdiile no 
grades are available against which the samples 
offered in the market may be matched and valued. 
It is hoped that this investigation, in which a 
new method of grading linters has been worked 
out, will lead to the preparation of commercial 
grades. It will be remembered that 39 samples 
of Indian linters belonging to two seasons were 
subjected to mechanical and chemical treatments, 
besides being graded as best as possible under the 
circumstances by the surface grading method, 
and the results of the two methods have been 
compared. Since this method is offered to 
serve as a basis for the preparation of standard 
grades suitable for Indian linters, it was felt 
that it would be instructive to examine the 
American grades h}^ this method. For this 
purpose, American standard grades of linters 
which were obtained from U. S. A., were sub- 
jected to mechanical and chemical treatments 
and the results obtained are given in Tables VII 
(a)andVIT (&), » 

Table Vll (a) 


Mechanical analysis 


Grade 

No. 

Per cent 
fibre 

Per cent 
trash 

Per cent 
invisible 
loss 

Per cent 
ash 

Per cent 
dr y alpha - 
cellulose — 
calculated 
(F+f—K 
~0C where 
' K= 
]6'9) 

1 

93-8 

3-2 

3-0 

1-04 

80' 0 

■ . 3 

88*8 

4-6 

6*6 

1-09 

78-6 

3 

84' 8' 1 

6-8 

9-4 

1-11 

77-4 

. 4 

■77*0. i 

9*6 

13'4 

M2 

73'6 

.5 

69 '2 

11-0 

19'8 1 

M6 

72 ',2 

6 

64-0 

13-8 

22'.2 

1-42 

69 -4 

■A 

60*8 

15*6 

23-6 

1-62 

67-6 


Table VII {h) 


Chemical' anahmis 


Grade 

No, 

Per cent 
chemical 
cotton 

Per cent 
alpha- 
cellulose 
in 

chemical 

cotton 

Per cent 1 
ash. 

(Experi- 

mental) 

Per cent 
dry alpha - 
cellulose in 
air dry 
linters 

1 

87*8 

99*5 

0*04 

80* 8 

2 

85-3 

99-1 

0* 05 

7,8*2, 

3 

84-2 

98*7 

0*07 

76*9 

4 

81*8 

98*9 

0*07 

74*8 

5 

78*4 

99*1 

0-07 

71*9 

6 

75*9 

96-7 

0*07 

67*9 

7 

74*8 

96*6 

0*08 

66*8 


The most interesting feature of Tables VII (a) 
and VII (5) is the very close agreement which 
has been found to exist betw’een the calculated 
and the experimental values of the dry alpha- 
cellulose content as given in the last columns of 
the two tables. This establishes the validity and 
indicates the usefulness of the formula F+f 
—A— a, which enables us to grade linters with 
accuracy and speed. A new’ method of grading 
linters, based on this formula, is suggested below: 

A representative sample weighing about 100 
gm. of the linters, which are to be graded, should 
be passed through the Shirley Analyser, and the 
trash should he passed again and again until 
a measurable quantity of fibres cannot be re^ 
covered from it. The separated fibres and the 
trash shonlcl he weighed carefully, and the 
invisible loss should be ascertained by deducting 
these tw^o from the originai w^eight of the sample. 
By substituting the actual values for F (separated 
fibres) and / (the invisible loss) in the formula 
iT-p /— K= a, K being a coiutant equal to 16*9, 
the dry alpha-celhilose content of the sample 
should be obtained. Table VIII should then 
he used to decide the grade in w^hich the sample 
should he placed. 


Table VIII 


In case of per cent CC cellu- 
lose (dry) in air dry 
linters 

To be classed in 
grade No. 

80 and above 

■ 1 

76 and 80 

2 , 

72 and 76 

3 

68 and 72 

', !■' 

^ 64 and 68 

.5 . ' , 

60 and 64 

.'■ . ■' 6'. '. 

56 and 60 

■ 7 . 


1 


6 


60*8 


15-6 


23-6 


67-6 
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In case the alpha- cellulose content is less than 
56 per cent, the sample should he regarded 'off 
grade’. It will be noticed that the lower limit of 
cc-cellulose suggested above is 66 per cent as 
against 66 per cent found for the American standard 
grades. It should, however, be noted, in this 
connection, that whereas the mechanical analysis 
tests have been made on the commercial samples 
of Indian linters obtained from the delinting 
factories^ these tests have been carried out on the 
American standard grades which are carefully 
prepared by the U. S. A. Department of Agri- 
culture. Therefore, the two sets of samples and 
their results are not strictly comparable, and 
the results of tests on American standard grades 
can only be taken as a rough guide for fixing 
tentative standards for Indian linters. These 
results would have been comparable if similar 
tests could have been carried out on commercial 
samples of American linters, which would have 
revealed how far, in actual practice, they deviate 
from their standard grades. This was, however, 
not possible owing to the extra ordinary condi- 
tions prevailing at present. Until such tests 
have been carried out on American as well as a 
larger number of commercial Indian linters, the 
standards suggested here should be regarded as 
tentative, which should serve as a working basis, 
but which should be modified, if necessary, in the 
light of further experience. 

Since it may not be possible in each case to 
pass a sample of linters offered in. the market 
through the Shirley Analyser, it is desirable 
to prepare, with the help of this method, 
boxes of standard grades from typical Indian 
linters, so that a large number of samples may be 
matched against them, as is done in the case of 
cotton. 


We shall now see to what extent this method 
of grading samples of linters would give the 
purchaser useful information regarding the 
quality of the material. According to the Ameri- 
can method of grading, each grade gives the 
purchaser some iiiformation about staple, foreign 
matter, colour and character. The last two 
items, however, do not appear to be so im- 
portant as the first two items, especially when 
the linters are to be transformed into chemical 
cotton. Whether a sample of linters looks 'grey’ 
or 'brown’ and whether it has been obtained from 
a Sind-American or Punjab- American seed would 
make practically no difference to the quality 
of cellulose obtained from it. ’ Thus, leaving 
these two items, i.e. colour and character, out of 
account in arriving at a method for grading 
linters, we find that the staple and the amount 
of foreign matter in a sample are the most im- 
portant factors in determining its grade. 

The method proposed above must therefore 
satisfy the purchaser regarding staple and foreign 
matter present in each grade. If, instead of 
giving information regarding the quantity of 
foreign matter present in a sample, it were pos- 
sible to give the exact amount of alpha -cellulose 
available in that sample, it would be a definite 
improvement over the old method. The staple 
also plays an important role and should be ac- ^ 
counted for in the proposed method of grading, * 
the alpha- cellulose content being independent 
of the staple. With a view to finding out a 
simple and reliable method of expressing the 
staple of a sample of linters, ut w;as essential 
to know the staple ox » the standard American 
grades of linters, although this work w^as labouri- 
ous and time- consuming. The group-length 
distribution in percentage by weight of the 
standard grades is given in Table IX. 


Group length 


Table IX 

Distribution of group^engths in U, S. grades {1989-40) 


1st grade 2nd grade 3rd grade 4th grade 5th grade 6th grade 7th grade 


1/16 in. &. less 

1*4 

5-2 

9*8 

“ 10*2 

1/8 in. 

16*3 

34-5 

35-1 

36 «3 

2/8 in. 

11-5 

17-0 

17-5 

14-1 

3/8 in. 

8‘1 

7-8 

10-5 

4:6 

4/8 in. 

10-7 

8*9 

3*6 

8*8 

5/8 in. 

13-7 „ 

11-8 

5-2 

9*0 

6/8 in. 

14*7 

i 7-1. ■■ 

6-3 

7*5 

7/8 in. 

IM 

4*9 

5-5 

3*9 

1 in. . 

7*3 

2-8 

5-2 

4*4 

1. 1/8 in. 

2-'8 



1*2 

1 2/8 in. 

2-4 


i-3 
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A glanco at Table IX shows that the percent- 
age of the short group-lengths, particularly 
;L in. and | in., goes on steadily increasing, 

'while that of the remaining (long) group- 
lengths goes on generally decreasing to vanishing 
point, as the grade of the linters falls, although 
here and there a stray long fibre might be found 
even in the lower grades. 

Furthermore it will be observed from Table IX 
that the seven grades may be resolved into 
three groups. The first group consists of grades 
No. 1 and 2, which possess a much larger per- 
centage of long fibres (> J in.) than of the short 
ones (< I in.). Grades No. 3 and 4 form the 
second group in which the long and the short 
fibres are present in almost equal proportions. 
The third group is formed by grades No. 5, 6 and 
7 wherein the proportion of short fibres is much 
larger than that of the long ones. It is interest- 
ing to remember in this connectioif that generally 
the 1st and 2nd grades are obtained from the 
^first cut*, 3rd and 4th grades from 'mill-run* and 
5th, 6th and 7th grades from the "second cut*. 

This group-length determination of linters, 
though interesting, does not lead us any farther 
towards the solution of- the problem of evolving 
a quick method of grading, because it requires 
so much time that it must be ruled out as a 
practical method. If, however, attention is cen- 
tered on the shortest group length (i in.) 

only, on account of its being particularly re- 
presentative of the grades, and if it is assumed 
that the proportion of various group lengths 
in each grade is more or loss constant, as it should 
be, the solution of the problem draws nearer. 
This line of approach is supported by a compari- 
son of the invisible loss in the Shirley Analyser 
and the percentage of the fibres possessing a 
group length of ^ in., which are practically 

identical. The small differences observed between 
the two are within sampling error, and we may 
therefore conclude that the invisible loss (per cent) 
in the mechanical analysis is equal to the per- 
centage of 1 in. group length fibres in a sample 

of linters, this group length, on its part, being 
representative of the grade. In this way it is 
possible to indicate the staple of the sample 
with the help of the invisible loss without actually 
determining it. Thus, mechanical analysis will 
not only furnish information on the total amount 
of foreign, matter present in a sample, but also 
on its staple. „ 

The new method proposed for Indian linters 
is based on the tentative specifications given 
jn Table X. 

If we apply the criteria implied in this method 
of grading tp the samples of Indian linters^ 


Table X 


Percent 

dry alpha- . Per cent 

cellulose in Per cent Grade invisible 
air-dry invisible to be loss in the 

linters . loss allotted 3 groups 


80 and above 0 — 5 1 1 0-8 ‘First 

, cut,’ , 

76 and 80 5—8 2 J 

72 and 76 - 8--U 3 1 8-16 ‘Mill- 

y run’ 

68 and 72 11~-16 4 J 

64 and 68 16—21 5 1 

60 and 64 21 — 23 6 ! 16 and more 

56 and 60 23 & more 7 j "second 

J cut’ 

Below 56 , . ’ oif 

formed the subject of investigation, we obtain 
results given in Table XI, which also shows the 
results of surface grading for purposes of com- 
parison. 

Table XI 

Comparison of the results of surface grading imth 
those obtained by the proposed method 


1938*39 Season 




Proposed grading 

Serial 

No. 

grading — 
Grade 

No. 

Onoc — 

basic 

(Calc.) 

On/— * 
basis 

Final 

grade 

1 

‘5 . 

4 

6 

5' ' 

2 

2 

■ 4 

3 

4 

3 

■ 2 

5 

3 

4 - 

4 

4— -5 

6 

4 

5 

5 

4 

Off 

3 1 

Off. ■ ■ 

6 

1—2 ' 

4 

. 2 . 


7 

■ 2' 

4 

3 

1 ■ 

8 

■ 4 . 

Off 


• Off ; 

9 

4—5 

" 

' 4 


10 

2 

4 

3' ' 

4^ 

11 

3—4 

6 

4 , 

, '5 ■ . , 

12 

4—5 

Off 

- 3 , • 

Off 

IS 

2 

.7 

. 4 

5-6 

14 

3 . 

Off 

■ ,3'' 

"Off 

15 

/A: 1 \ 

\B:2-4/ 

6 


4 — -f) 


N. B . — In fixing the final grade attention is paid both to 
the alpha-cellulose content and the invisible loss (per 
cent) of the sample. When the difference between the 
grades as indicated by the two methods is only one, the 
^rade indicated by the alpha -cellulose content is taken as 
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the final grade. Where the difference between the two 
grades is 2, the grade indicated by the alpha-cellulose 
content is raised or lowered, as the ease may be, by one 
grade. Similarly, for larger differences. Where a san^ple 
is shown to be off-grade by the alpha-cellulose content, 
it is regarded as off-grade in the final evaluation, as the 
alpha-cellulose content is given the predominant place. 

1939-40 Season 


Serial Surface 
No. grading - 
Grade 
No. ■ 


Proposed grading 


On oc — ■ On f— 
basis basis 

{Calc.) 


It will be seen that in the case of 1938-39 
samples there is considerable difference in the 
grades obtained by the surface grading method 
and the proposed method. This is mainly due 
to the fact that the amount of the foreign matter 
cannot be properly estimated in the surface 
grading method, while it is accurately given 
by the chemical method. This difference is less 
conspicuous in 1939-40 season, as these linters 
contained less foreign matter than the 1938-39 
samples. If the results of the surface grading 
method are compared with those obtained by 
consideration of the invisible less alone, it will be 
seen that the two agree fairly well in both seasons, 
showing that this method attaches greater 
importance to the staple of the sample. For 
final grading, however, both staple and foreign 
matter have to he considered jointly, with greater 
emphasis on the latter in view of the fact that it 
ndicates the quantity of the ayailable cellulose, 


The fairly satisfactory agreement between the 
grades obtained by the two methods in case of 
linters of 1939-40 season, which were compara- 
tively cleaner, shows that the surface grading 
method can be applied to linters, provided they 
are fairly clean and the grader lays proper 
emphasis on the quantity of foreign matter present 
in the linters in fixing the final grade. 

It will be noticed from the invisible loss (per 
cent) of the linters that all samples of the 1938-39 
season, with the exception of No. 1, w^hich is 
a second cut, are 'mill-run’. In 1939-40 season 
all samples except No. 8, which is a 'mill-run’, 
are ' first cut’ as confirmed by the producers. 
It shows that there is nothing really wrong with 
the delinting industry in this country, except 
that here and there a few whole or crushed seeds 
find their way into the sample. A more serious 
fault, shown by this work, is the presence of large 
quantity of foreign matter in the linters, which, 
in actual practice, would detract from their 
grade and utility to the consuming industries. 
It is gratifying to note, in this connection, that 
the 1939-40 linters show a distinct improvement 
over those of the previous year in the matter of 
cleanliness and grade. Since the Indian linter 
industry is very young, it is reasonable to hope 
that this improvement noticed in 1939-40 will 
continue, and that within a short time the lintexs 
produced in India will be equal to those produced 
elsewhere in respect of grade and quality. In 
the meantime, effort should be made to remove 
this defect, which is responsible for placing 5 out 
of 15 samples of 1938-39 in the 'off grade’ class, 
and for the lowering of the grade of several 
samples by one or even two grades in 1939-40 
season. 

Turning to the choice of one of the two methods 
stated above, it is to be noted that the surface 
grading method is liable to subjective errors, and 
is therefore at best an approximation. The 
proportion of the fibre to fuzz and the amount 
of various impurities present in the sample cannot 
be estimated with the eye as ^ exactly as with a 
machine, the difficulty becoming greater in the 
lower grades. In the mechanical method, on the 
other hand, the percentage of fibres and trash 
is obtained by actual measurements. Once the 
results of the mechanical analysis are available, 
they^may be substituted in the formula F+/— A* 
= £z to get the * alpha- cellulose content of the 
sample, the staple being disclosed by the invisible 
loss. The mechamcal method will naturally 
take more time than the surface grading method, 
but tbefformer is preferable to the latter in view 
of the higher accuracy of the results obtained, 
where a Shirley Analyser is easily accessible. 

It is true that in U. S. A., the largest producer 
of linters, the tr^de relies mainly on the surface 
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grading method. Eut there are indications to 
show that they are not satisfied with the existing 
state of affairs and have drawn np an extensive 
scheme of research on linters to be worked out 
in every detail, right from the effect of soil to 
chemical cleaning, in their newly-built regional 
research laboratories. Since the results of the 
investigation carried out here have pointed the 
way to a reliable and accurate method of grading 
linters which is capable of classifying them ac- 
cording to their alpha- cellulose content, we should 
take full advantage of these results and adopt 
this accurate method of grading linters where- 
ever suitable testing facilities are availabe. If, 
however, such testing facilities are not readily 
accessible, then the trade may adopt the alter- 
native method of comparing a given sample of 
linters with standard grades prepared by a re- 
cognized organization. It should, however, be 
borne in mind that in the final analysis and for 
accurate work only methods of chemical and 
mechanical testing are capable of giving reliable 
results. Such methods of grading would ensure 
the supply of linters of known and uniform quality, 
which would help in securing wide and permanent 
markets both at home and abroad, and would 
thus assist in building up the chemical cotton and 
the allied industries on sound lines. 

V. Economic aspects 

We shall now discuss some of the economic 
aspects of the production of linters in India and 
the manufacture of chemical cotton from them. 
The first question, which we proposp to consider, 
is to what extent Indian linters can be produced 
commercially for export purposes and for the 
manufacture of chemical cotton in the country. 
In this connection it is important to bear in mind 
that the production of linters in the Indian oil 
mills and delinting factories is a very recent 
development, and, therefore, the present output 
of a few thousand bales, which are offered every 
year for sale in the market, is not a true index 
of the potential supply of this material in the 
country. In order to form an approximate idea 
of the potential supply inquiries were made from 
the Departments of Agriculture of all the cotton 
growing provinces and States in India as to the 
quantity of seed available in each province which 
could be used for delinting purposes. From the 
information supplied it would appear that, at a 
very moderate estimate, the total quantity of 
fuzzy seed, which may be used for delinting, 
available in the country is nearly 9 lakhs of tons. 
In order to estimate the total quantity of linters 
recoverable from the seed it is necessary to know 
the yield of linters per ton of seed. Inquiries 
w’-ere addressed to several oil mills and factories, 
where delinting is being carried out at present, 


and the figures kindly supplied by them are shown 
in column 8 of Table XII. Though the individual 
figures vary, as might be expected on account of 
differences in the type of seed, delinting machin- 
ery, etc., the average value calculated from their 
replies came to 45 lb. per ton, representing a 
yield of 2 per cent on the weight of the seed. On 
the basis of this average figure the potential 
annual supply of linters in India is estimated to 
be about 80,000 bales of 400 lb. each. In order 
to arrive at a more correct estimate, it would b© 
necessary to conduct a survey with the two -fold 
object of finding out on the on© hand the quantity 
of fuzzy seed grown in each area and on the other 
hand the amount of fuzz present on each type of 
seed. We may mention here that attempts were 
also made to find out the total quantity of linters 
that are being actually produced in the country 
at present, but unfortunately no reliable data 
could be collected. 

The potential supply of 80,000 bales of linters 
of 400 lb. each is not very large as compared with 
the American supply which in 1938-39 stood at 
1,116,000 bales of 600 lb. each, being equivalent 
to nearly 1,400,000 bales of 400 lb. In making 
a comparison between the Indian and the Ameri- 
can Enters and in drawing conclusions regarding 
the future of the format industry, it is necessary 
to bear in mind certain salient points of difference. 
In the first place it must be remembered that the 
American cotton crop is, on the average, nearly 
2-| times as large as the Indian cotton crop so that 
a very much larger quantity of seed is available 
in America for delinting purposes. Secondly, 
the bulk of the American seed is of the fuzzy 
type which can be delinted and which gives a 
fairly good yield of linters, while many varieties of 
the Indian seed are either very nearly naked or 
have a very small quantity of fuzz at their apical 
ends. The main types of fuzzy seeds available 
in India are P.A. 289F, 289F/43, 289F/K 25, 
Cambodia Co2, Upland Gadag, Sind-American, etc* 
while such types as Surti^ L.S.S., Westerns, 
Broach desi, Bengals, etc. are of the non- fuzzy 
type. Thirdly, the production of linters in 
America has increased steadily owing to the 
demand for this material in U. S. A. and the 
world markets as it forms the raw material for 
numerous industries. When nearly 40 years 
ago the linters were fihst produced in the U. 8. A., 
their total production amounted to only 100,000 
bales. In a few years the production went up 
very considerably until in 1914-16 it stood at 
over 800,000 bales. Since then the production 
of linters in U. 8. A. is shown in Table XIII 
which gives the production of cotton and linters 
in America from 1914-15 to 1938-39. 

It is interesting to note that whereas the 
proportion of linters to cotton was only 5*2 per 
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Table XII 

Particulars regarding Indian, linlers of 1939-40 season 








First 



Linters 

Matching 

6 

Vjirietv ^ 

Place 

Gin- 

Cut, 

Price per 

Delintiiig 

U.S. A. 


of seeci 

where 

SaAv or 

Second 

md. of 

machine 

recovered 

Grade No. 


delinted 

Boiler 

Out 
or Mill 

82 2/7. lb. 


used 

per ton 
of seed 



.2 ' 



Cha- 

Colour 








racter 


1 

4F; 

Khanewal 

Saw 

First 

Bs. 5 to 6 

Conti- 

45 lb. to 

3 




cut 

locally 

iiental 

67 lb. 








and loose 





2 i 

4F 

Mails! 

n • 


Bs. 5/8/- „ 

Carvers 

- 

2—3 


3 A 

4F 

Vi liar i 



.. 


” 

4 


BB 

289F 

)9 



Bs. 6/- „ 

” 

- 

I 3 
III 

3 

1 


20% J)6si 
80% P.A. 

Okara 




-- 

45 Ib. 

2 


5 

50% Desi 
50% P.A. 





” ■ 


3 


6 

285F 

Hyderabad 

Saw and 

First 

Bs.5/- 


,, 

3 




Sind 

Boiler 

cut 

f.o.r. 





7 

285F 

5 5 

Mixed 



M 

i ” 

3 



' 285F 

Navsari 


■ Mill 



45 lb. to 

6—7 






run 



56 lb. 



!) 

4F 

Buxewala 

Saw 

First 

Bs. 6/- to 

Conti- 

18-17 lb. 

2 





cut 

Bs. 8/- ^ 

nental 




10 

'289F 

Sargodha 


» 

Bs. 5/10/- 


60 lb. 

3 

3 

11 

30% Lesi' 
70% PA. 

Okara 




Varner 

401b. 

2 


'■ i2'. 

' ,2S9F 

Mian- 

>> 



Conti- 

55 lb. 

1 



ehaimu 




nental 




13 

4F 

Arafwala 





25 to 28 

2 








lb. 



14 

4F , , 

■ Montgomery' 



Bs..8/- 


13 lb. 

2 







f.o.r. 





15 

75%289F 

Mian- 





54 1b. 

1—2 

1—2 

25% 4F 

chaiuiu 








16 

289F 

Khanewal 


First 

Bs. 7/4/- 


27 lb. 

2—3 

2—3 





cut 

including 






85% 4F 

Lyallpur 



pressing 

charges 





17 

,, 


Bs. 8/- 



About 

3 



15% Desi 






10 lb. 



18 

4F 

Miaii- 



Bs. 7/- 



41 lb. 

1 




channu 







19 

4F 

Khanewal 

»5 

„ 


yj ' ■'■I ■ ■ 

17 lb. 

2 


20 

289F 

Sargodha 

- 


Bs. 4/8/- 

Carvers 

64 lb. 

2 


21 

289F 

Miaii- 



f 1st and 

r 

Country 

42 lb. 

1 

1 



channu 



^ 2nd 


(self 









quality 4 


made) 









linters 

1 

delint- 





4F 




CatBs. 6 

■ 

ing 

machine 




22 


. ..1» ■■■ . 




22 lb. 

2 


23 

289F 

” 

Boiler 

” 

3rd quality 
at Bs. 2^ 

r> ■ 

36 lb. 

3 

- 


Colour 


Greyish - 
white 


Greyish 


I 

11 


Grefyish 

white 


Dirty 

yellow 


Very dirtv 
yellow 

Dirty brown 

Greyish 

white 


Greyish 

white 

Whiter than 
U.S. Grade 
No. 1 

Whiter than 
U.S. Grade 
No. 2 

Greyish 
white , 


Greyish • 
white 

Whiter than 
U.S. Grade 
No. 1 

Greyish 

white 

Whiter than 
U.S. Grade 
No. 2 


Whiter than 
U.S. Grade 
No. 2 

Whiter than 
U.S. Grade 
No. 3 


Foreign matter 


Small brown and 
peppery leaf some 
stalk, also some 
boll rests 

Some brown and 
peppery leaf, few 
stalks and some un- 
developed green seed 
Small amount of 
leaf and stalk but 
fair amount of 
undeveloped seed; 
also some boll husks . 
Small amount of 
leaf and a few seeds. 
Large amount of 
seed, some black 
ones (Egyptian?). 
Small quantity of 
seed and some 
whole seed. 

Fair quantity of small 
leaf also small 
quantity of seed. 
Fair quantity of 
brown leaf, some 
cotton fibres dis- 
tributed through- 
out the sample. 

Large quantity of 
leaf and some 
crushed seed. 


Fair amount of 
leaf, also some 
whole and crushed 
seed-— some boll 

rests also 

Some leaf and some 
whole and crushed 
seed 

Slight leaf and a fair 
quantity of seed 
Some leaf and a 
small quantity of 
undeveloped seed , 
Slight leaf and a 
large quantity of 
whole seed, some 
of them in clusters 
Large quantity of 
peppery leaf and 
some crushed seed 
Some leaf and a 
fairly large quantity 
of crushed seed. 
Black peppery leaf 
and slight crushed 
seed 

Fairly large amount 
of leaf and some 
crusehd seed 
Fair amount of leaf 
and some undeve- 
loped seed. 

Some leaf and slight 
sand 

Small quantity of 
seed and some 
W'hole seed 
Small quantity of 
leaf, as well as 
whole and crushed 
seed. 


Small quantity of 
leaf, and very small 
quantity of whole 
and crushed seed 
Plenty of leaf, stalk 
and seed 
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Table XIII The vielfl nf thft i 


Production 


Season 


1914-15 

1919-20 

1924-25 

1929- 30 

1930- 31 

1931- 32 

1932- 33 

1933- 34 

1934- 35 

1935- 36 

1936- 37 

1937- 38 

1938- 39 

1939- 40 


of cotton and linters in America 
during 1914-15 to 1938-39 

(In 1,000 bales running) 


Cotton 

Linters 

Percentage 
of linters on 
cotton 
production 

15,906 

832 

5.2 

11,326 

595 

5.3 

13,639 

858 

1 6-3 

14,548 

• " 1,038 

' 7*1 

13,756 

824 

6-0 

16,629 

876 

5*3 

12,710 

741 

5*9 

12,664 

801 

6-3 

9,472 

805 

8*5 

10,420 

876 

8-4 

12,141 

1,127 

9*2 

18,252 

1,471 

8*0 

11,623 

1,116 

9-6 

11,928 

•• 



cent in 1914-15 in 1938-39 it had risen to 9-6 per 
cent. The principal causes for this increase 
are: {a) steadily increasing demand, (6) improve- 
ment in methods of delinting and (c) the produc- 
tion, in later years, of 'mill run’ and ‘second 
cut’ linters in addition to the first cut linters. We 
shall consider this last point in some detail. 
Most of the linters which are at present produced 
in India belong to the quality commonly known 
as 'first cut’, while in America they belong to 
three qualities namely 'first cut’, 'mill run’ and 
'second cut’. The definition of these three quali- 
ties according to U. S. Department of Agriculture* 
staff has been given earlier in these pages. 

The distribution of the American linters in 
these three qualities since 1933-37 is shown in 
Table XIV from which it will be seen that only 
about 20 per cent of the total quantity of linters 
in the U. S. A. are of the first cut quality, about 
30 par cent are mill run, while about 50 per 
cent belong to the second cut quality. 

\ Table. XIV 

Distribution of American linters In hales in the three 
qualities, First Guts, Mill Buns and Second Guts 


Season 

First Cuts 

Mill Buns 

Secnd Cuts 

Total 

1933-34 

1,42,166 

2,68,609 

3,89,7SI 

8,00,526 

1934-35 

1,56,772 

.2,67,934 1 

3,90,377 

8,05,083 

1935-36 

1,88,968 

2,59,469 

4,27,778 

8,76,215 

1936-37 

2,74,944 

3,18,310 

5,33,619 

11,26,873 


*XJ. S. Department of Agriculture Miscellaneous Publi- 
cation No. 242, May 1936 


The average yield of the mill run linters in 
U. S. A. is 3*2 23er cent of the weight of the seed, 
as against 1 • 6 per cent for the first cut, while the 
average yield of the second cut is 4*5 per cent. 
Thus, if the mill run and second cut linters are 
also recovered in Indi^i as is done in America, the 
total quantity of linters available in India would 
be very much greater than what it comes into the 
market at present. Taking ail these factors 
into consideration, w^e feel confident in stating 
that when sujfficient demand has been built up 
for Indian linters either for consumption within 
the country or for export purposes, a very nuch 
larger supply than is seen at present in the market 
will be available. 

We shall next consider the question as to what 
proportion of this potential supply of linters 
would be' available for purposes of export and what 
proportion would be available for the manufacture 
of chemical cotton in India. In the U. S. A. the 
linters are divided into seven grades according 
to the length, colour, character and amount of 
trash. The grade 1 linters, which have a good 
proportion of fibres \vhich can be spun, are used 
for spinning low grade yarns and for the manufac- 
ture of mats and fieece-lined products. Grades 
2, 3 and 4, which have larger proportions of short 
fibres, are used for making mattresses, pillows, 
cushions, felts, etc. 'while grades 5, 6 and 7 which 
are sometimes referred to as the 'chemical grades’ 
are generally used for the manufacture of chemical 
cotton. The distribution of linters in the differ- 
ent grades in U. S. A. will be seen from Table XV 
from which it will be noticed that the bulk of the 
linters fail in the grades 3-6, while comparatively 
smaller proportions conform to grades 1 and 2 on 
the one hand and grade 7 on the other. 

We may mention here that in general the first 
cut linters give rise to grades 1 and 2, the mill 
run to grades 3 and 4 and the second cut to grades 
5, 6 and 7. This classification, however, should 
not be regarded as rigid, as, for example, it is quite 
possible that a first cut sample may conform to 
grade 3 or a mill run sample to grade 5 depending 
u|)on such factors as colour, amount of trash, etc. 

In India the grading of linters on a systematic 
basis has not been carded out, and it is, therefore, 
not possible to give similar figures showing the 
distribution of Indian linters in the various grades. 

The surface grading which was done in the course 
of this work showed that in 1939-40 the bulk of 
the samples conformed to American grades 2, 

3 and 4 ; but this cannot be taken as a true indi- 
cation of the state of affairs in the future when 
in addition to the first cut linters both mill run 
and second cut linters will also be recovered from 
tbe Indian seeds. We may, theefore, assume 
that a large proportion of the Indian linters, 
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Table XV 

Production of linters in U. A. — distribution of grades 


Season 



(In bales 


Grade 
No. 1 

Grade 
No. 2 

Grade 

No. 3 

Grade 
No. 4 

Grade 

No. 5 

Grade 
No. 6 

Grade 
No. 7 

Total 

1933- 34 

1934- 35 . . . 

1935- 36 

1936- 37 

1937- 38 . . . 

1938- 39 

20,196 

15,844 

14,655 

37,458 

1,69,052 

1,13,714 

1,09,227 

1,68,393 

90,496 

1,29,996 

1,43,782 

1,56,249 

89,642 

96,204 

1,09,740 

1,81,669 

1,73,504 

1,43,141 

1,55,387 

1,98,260 

2,49,931 

2,73,058 

3,11,909 

3,64,642 

7,705 

33,126 

31,515 

30,202 

8,00,526 

8,05,083 

8,76,215 

11,26,873 

14.71.000 

11.16.000 


whea the full potential supply is forthcoming, difficult matter and the demands of the con- 
would be available for the manufacture of chemi- suming industries can be easily satisfied with 
cal cotton, while the best grades among them the help of a small Laboratory, 
may be used in making mattresses, cushions, We will next consider the question as to what 
pillows, etc. extent the Indian linters conform to the American 

It is interesting to note, in this coimection, that standard grades and to what extent they were 
in U. S. A. in the 11 months ending 30 June defective. The full answers to these questions 
1939, 777,000 bales of linters were consumed have been given in this report earlier. We 
within the country, while 193,000 bales were may briefiy mention here that the quality of 
exported to foreign countries in the sam.e period, linters of the two seasons, 1938-39 and 1939-40, 

Of the linters consumed within the country, was found to vary considerably, and therefore the 
some 400,000 bales were accounted for by those same answer cannot be given with regard to linters 
industries which use chemical cotton as their of these two seasons. The linters of 1938-39 were, 
basic material, while the balance nmst have on the whole, of a much |)oorer quality than those k 
been consumed in the manufacture of other of 1939-40, which showed noteworthy improve- * 
articles. In the 11 months, preceding 30 ment both in grade and colour over those of 
June 1940, these figures had increased to 1,070,000 the previous season. The linters of 1938-39 
bales for consumption within the States and season conform mostly to American grades 4, 
305,000 bales for exports to foreign countries, 5 and 6, while those of the 1939-40 season conform 
showing the large and profitable trade built mostly to the American grades 2, 3 and 4. As 
up by the U. S. A. from a raw material which has been explained in the report, this comparison 
until recently has been completely ignored in between the Indian linters and the American 
India. gradesmustberegarded a sofa very general nature 

We may here consider the point whether India as there were important differences between 
should seek to develop a large export ^trade for the two in regard of colour and the type 
her linters or should endeavour to lay greater and quantity of trash present in them. The 
emphasis upon the development of chemical colour of the American grades ranged from creamy 
cotton industry. We are of the opinion that the white to browmish red, wffiile that of the Indian 
latter course is more desirable for the following linters was mostly greyish white or dirty grey, 
reasons: Firstly, it will promote the establish- The differences in the type and quantity of trash 
ment of several industries in which chemical present in them were even more remarkable, 
cotton is used, and as we have stated elsewhere The trash in the Indian linters, which in some 
these industries form a very large group, whose cases was present in considerable quantities, 
development will stimulate the consumption consisted of cut and whole seed, immature seeds 
of other raw materials. Secondly, if the chemical dr motes, boll rests, leaf bits both large and.^ 
cotton is prepared in India and exported abroad, peppery, and dirt and sand. On the other hand, 
the monetary return will be greater than that the American standard grades were conspicu- 
realized for linters. It is true that the different ously free from seed andthe trash consisted mostly 
industries using chemical cotton lay down their of fine seed-coat bits, small leaf and dirt. As 
special requirements in regard to the grade and has been pointed out in the report, it is not al- 
quality of the material, and the chemical cotton ways an easy matter to remove fine particles 
manufactured for each industry will have to con- of sand and dirt, which adhere to the linters 
form to these specifications but this is not a in the washing process, and, therefore, if this 
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type of trash persists in large quantities in the 
Indian linters, it is likely to result in high ash 
content of the chemical cotton which would make 
it unacceptable to several industries. Similarly, 
the presence of cut and whole seeds w'Oiild bring 
about an appreciable reduction in the yield of 
chemical cotton from a given quantity of linters, 
thereby depressing their market value. Conse- 
quently, if the Indian linters are presented in the 
market in a state of reasonable freedom from cut 
and whole seed and dirt and sand particles, they 
would conform more nearly to the American 
standard grades and would be taken up more 
readily and at higher prices by the consuming 
industries or the exporters. It is gratifying 
to note in this connection that the linters of the 
1939-40 season already shew good improvement 
in these respects, and we hope that this improve- 
ment will be maintained in the future. The 
differences in colour are comparatively unimpor- 
tant as they would disappear in the bleaching 
process to which the chemical cotton is normally 
subjected. 

We will next consider the questions of cost 
of production of linters per lb. and the 
price per lb. free on rail at the main centres 
in India. As regards the cost of production 
inquiries were made from a number of factories 
. in India, which, are producing linters but many 
of them expressed their inability to give this 
information. Three factories, however, very 
kindly furnished iniormation on this point. Ac- 
cording to two of them the cost of production 
of linters in India is about one anna per lb. 
or about Rs. 5 per md. of linters, while 
according to the third factory the cost of produc- 
tion is 6*44 pies per lb. or Rs. 2-12 per 
md. Those figures show fair variation and 
it is interesting to note that the linters of which 
the cost of production is given as Rs. 2-12 per 
md. were judged, in surface grading, as ‘dirty 
yellow’ or Very dirty yellow’ and were found 
to contain either fair quantity of brown leaf 
or large quantity of leaf and some crushed seed. 
Taking these factors into account, we are of the 
opinion that a cost of production of 11 to 12 
pies may be taken as reasonable provided the 
[inters are produced in a fairly clean state. 

One of the firms which gave the cost 
of production as one anna per lb. very kindly 
supplied the following interesting details. Ac- 
cording to this firm the cost of production is 
made up of (1) power, (2) labour, *(3) reduction 
in weight of the resulting cotton seed, and (4) 
depreciation and interest on machinery. The 
cost of treating the seed to one cut is about one 
anna per maund, while the resulting loss in 
weight is about SJ lb. The value of this 


loss in weight is 104 pies which, added to 
the working costs gives one anna a I b. or about 
Rs. 5 per md. as the cost of production. In 
the case of certain types of seed no premium is 
obtained for delinted seeds, but in the case of 
other types of seeds, e.g. P.A. 4P a premium of l| 
to 2 annas per md. is obtained for the delinted 
seed which largely compensates for the cost of 
treatment in the case of such seed. This cost 
does not take into account the cost of baling the 
linters which is about Rs. 2-8 per 5 md. 
bales or 1*2 pies per lb. of linters. 

As regards the price per lb. free on rail at the 
main centres in India, this would depend, apart 
from the quality of linters, upon such factors 
as the demand and available supply at any given 
time, the distance from the point of production, 
the price of short staple cotton, the special uses 
such as the manufacture of gun cotton, explo- 
sives, etc. to which, in times of emergency, the 
linters may be put. The price of linters, there- 
fore, may fluctuate within fairly wide limits 
owing to these economic factors. This will be 
seen by the course of prices of American linters 
between 1930-31 and 1936-37 which are repro- 
duced in Table XVI. The prices of the Indian 
linters are not available for a number of seasons 
owing to the infancy of this industry in India, 
and we are therefore unable to consider their 
trend in the past few seasons. As regards the 
samples considered in this report, the prices for 
the 1938-39 samples were not available in most 
cases, but we were more fortunate in regard to 
the 1939-40 samples for which the data were 
supplied and is given in column 6 of Table XII. 
It will be noticed that the prices of these samples 
of linters ranged from Rs. 4-8 to Rs. 8 per 
md. with the exception of on© sample which 
was priced as low as Rs. 2 per md. the ma- 
jority of the linters being offered at about Rs. 6 
permd. We would naturally expect that the 
samples which conformed to the higher American 
grades were offered at relatively higher prices 
while those which* matched the inferior standard 
grades were offered at low’-er prices. This is found 
to be the case in general, but in some oases we 
came across quite interesting exceptions. Ror 
example, sample No. 20 which matched the 
American standard grade No. 2 was offered at 
Rs. 4-8 per md. while sample No. 3a which 
matched the American standard grade No. 4 
was offered at Rs. 5-8 per md. These 
apparent anomalies may partly be due to the 
different quantities of trash associated with these 
samples, those having a larger amount of trash 
being naturally valued at a lower rate than the 
cleaner ones, but they may also be due to some 
extent at least to the fact that no systematic 
grading of Indian linters hae yet been carried 
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out. The individual sellers, therefore, offer 
their linters partly on the basis of their cost ot 
nroduotion which, as we have seen above, may 
vary considerably, and partly with an eye to the 
speedy disposal of their produce.^ Thus, the price 
obtained by them may not, in all cases, bear an 
exact relationship to the quality of the material. 

will next endeavour to compare the prices 
of the Indian linters with those of the American 
linters. Such a comparison is neither very easy 
nor reliable in the present state of our knowledge 
on account of the following reasons. The gradmg 
of American linters has been done on a sound and 
businesslike basis, and a set of standards is pre- 
nared each year which redeets truly the character 
grade and colour of the bulk of the linters prodiiced 
in U.S.A. Thus, any sample of the American 
linters, which is offered in the market, can be 
readily matched against these standard grades, 
and its price can be easily fixed in terms of the 
basic price of the particular grade which lies 
nearest to it. The Indian linters, however. 


cannot be readily matched against the American 
standards because of important differences botd 
in colour and the type and quantity ot 
trash present in them. Thus, it would 
be quite possible that a sample of Indian linters 
may conform in general appearance to one ot 
the American standard grades, but may contain 
larger quantities of crushed or whole seed or 
sand and dirt, which would certainly detract 
from its value. Furthermore, in fixing the 
American standards of linters some regard is 
paid, especially in the superior grades, to their 
staple length. In the Indian linters, however, 
this characteristic has not so far received any 
serious attention. These important differences 
between the Indian linters and the American 
standard grades render an exaeri comparison 
between them rather difficult, but if these differ- 
ences are borne in mmd, we may make a general 
comparison. The average prices of the American 
grades of linters for the eight seasons 1929-30 
to 1936-37 are given in Table XVII. 


Table XVI 

Average prices per lb, in cents 


1930-31 

ie31-3^' 

1932 - 33 

1933 - 34 

1934 - 35 

1935 - 36 

1936 - 3 '? 


Table XVII 
Price of American linters 


Grade Ko. 


Price in 
rupees 
per ind. 


Rs- as. ps. 
13 13 8 
12 4 10 
10 9 3 
8 13 8 

7 13 6 

6 12 6 
5 14 11 


Price in 
dollars 
per md. 


Referring to Table III we observe that majority 
of the samples of Indian linters conform, at least 
in • general character, to the American 


grades 2 and 3, except that the Indian linters 

contained larger quantities of trash in the form oi 

leaf, crushed and whole seed, boll psts, ®tc. as 
will he seen from the last column in Table Xii 
in which the nature and amount of these impuri- 
ties are described briefly. On referrhig*lri,. Table 
XVII again, we notice that the aves;age 
prices of the American standard grades NosXg^ 
and 3 were Rs. 12-4-10 and Rs. 10-9-3 per md. 
respectively. If we compare these with the 
prices of the Indian linters, namely Rs. 6 to , 
Rs. 7 per md., we see that the latter have beer, 
offered in the market at much lower prices thai;^, 
those obtaining for the American linters of ap- 
proximately corresponding grades. Part of this 
difference is no doubt due to the larger quantities 
of trash present in the Indian linters, hut even 
after making due allowance for this factor, we 
cannot help feeling that owing to lack of proper 
grading, inadequate demand in the country 
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and the absence of suitable marketing facilities, 
the Indian linters have been sold at lower prices 
than they should have fetched according to them 
grade and quality. We are of the opinion that 
if the delinting of Indian seeds is improved, as 
can be done readily, so as to reduce the quantity 
of trash in the linters, and if a proper set of 
standard grades is prepared each year and the 
linters are graded as is done in America, the 
producers would get much better prices for their 
raw material. 

We will finally consider briefly the machinery 
which is used in the production of linters. The 
seed cotton is, of course, ginned either on a roller 
gin or a saw gin and the seed thus obtained, which 
contains from 1.5 to 4 per cent of linters, is 
then passed through a delinting machine. From 
the information which has kindly been supplied 
by the factories, it appears that three types 
of delinting machines are being used at present 
in India. These are the Continental, Carvers 
and Verner machines. In addition, one of the 
factories used a country made delinting machine, 
and it is interesting to note that the quality of 
the linters produced on this machine was not 
very inferior to that of the linters produced with 
the help of the imported machines. In most 
cases the Indian factories produced the quality 
of linters known as first cut and therefore their 
yields per ton of seed were rather small as com- 
pared with the American yields. It is, however, 
highly probable that the machines used by them 
can be employed with suitable changes in settings, 
etc. for producing either mill run or second cut 
linters as well, though there appears to be some 
prejudice, as stated by one of the factories, against 
treating the seed to a second cut on the grounds 
that such linters have a bad colour and that their 
production involves greater wear and tear of the 
machinery. 

VI. Conclusions 

An attempt has been made to grade 39 samples 
of Indian linters belonging to the 1938-39 and 
1939-40 seasons by three different methods, with 
a view to evolving a quick and reliable method of 
grading Indian linters. These ^ methods ^ were 
(a) mechanical analysis, (5) chemical analysis and 
(c) surface grading. 

The Indian linters of the 1938-39 season showed 
a fair amount of variation in their quality, some 
of them containing appreciable quantities of trash 
in the form of leaf, stalk or seed, the last of them 
being whole, crushed or undeveloped. The linters of 
the 1939-40 season show distinct improvement 
over those of the preceding year in respect of 
grade and quality, and this feature constitutes 
a hopeful sign for the future of the chemical 
cotton industry in India. 


A comparison of the results of the mechanical 
and chemical treatments has shown the existence 
of a relationship between the fibre content and the 
percentage of chemical cotton in a sample. This 
relationship improved by substituting dry alpha- 
cellulose. for the chemical cotton. A further 
improvement resulted from substituting total 
fibre content of the sample, i.e. the recovered 
fibres plus the short fibres or fuzz lost in the 
form of invisible loss in the formula. The rela- 
tionship, as finally obtained, between the total 
fibre content and" the dry alpha-cellulose of a 
sample is as foliow's : 

F+f-K = a 

Where F is the fibre separated by the Shirley 
Analyser, / is the percentage of fibres below 
1 in. given bv the invisible loss, A is a constant 
16 ^ 

being equal to 16-9 and a, the dry alpha- cellulose 
content of the air dry linters. 

The average difference between the values of 
alpha-cellulose content actually obtained by 
experiments and those calculated with the help 
of the formula was found to be only 2 ■ 3 per cent. 

The validity of the formula was also tested by 
determining, on the one hand, the dry alpha- 
cellulose content of American Standard Grades 
of linters, and, on the other, by calculating it 
with the help of the formula. A close agreement 
was observed between the tw'o sets of values. 

It was found by actual determination of the 
mean length of fibres in different group lengths 
in the standard linters that the ^ in. group 
length represents very closely the invisible loss 
in the Shirley Analyser. Thus, the mechanical 
analysis gives an indication of the staple of the 
sample, as the percentage of fibres having length 
less than in. goes on diminishing steadily 

as the staple of the sample increases from grade 

7 to grade 1. , , , - 

A new method based on the mechanical analysis 
is suggested for grading linters which is capable of 
ffiving reliable information as regards the alpha- 
cellulose content and the staple of a given sample. 

The results of the surface grading method have 
been compared with those obtained by the pro- 
posed method. The causes for the observed 
differences are discussed, and it is pointed^ out 
that these serve to emphasize the desirability, 
even the necessity, of adopting the proposed 
method for grading linters where testing facilities 
axe available, in preference to the surface grading 

method. ' ' , , r 

The economic aspects of the production oi 
linters of different grades in India have been 
considered. It is estimated that a potential 
supply of some 80,000 hales of linters of 400 lb. 
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each already exists in the country, but in order 
to get at a more correct figure, the need for a pro- 
perly conducted survey is stressed. It is sur- 
mised that a large proportion of this supply would 
be available for the manufacture of chemical 
cotton, while the best grades among the Indian 
linters may be used for stuffing mattresses, 
cushions, piUows, etc. It is recommended that 
every effort should be made to develop the chemi- 
cal cotton industry and the allied industries 
within the country rather than to export the 
raw linters to foreign countries. 

The cost of production of linters in India in 
normal times has been investigated and is esti- 
mated to be about one anna per lb., though it 
must vary with such factors as {a) cost of power, 
{h) labour charges, (c) reduction in w^eight of the 
resulting cotton seed, etc. The price actully 
realized by the linters bore only a general rela- 
tionship to their quality, as, in some cases, it was 
affected considerably by (u) their cost of produc- 
tion and [h] the desire for a speedy disposal. 
On comparing these prices with those usually 


offered for American linters of the corresponding 
grades, it is concluded that the Indian linters 
have generally been sold at rather low prices. 
It is suggested that if the trash percentage in the 
Indian linters could be reduced by improving 
the delinting methods, Indian linters would fetch 
higher prices than they did in the 1938-39 and 
1939-40 seasons. 
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APRICOT SEED CAKE AS A NITKOGENOUS MANURE 
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(Received for publication on 2 May 1944) 

(With three text- figures) 

Wild apricot {Prunus armeniaca Linn., ver- The cake however contains a good amount 
nacular Zardalu) trees grow abundantly on an of nitrogen (6*7 percent), besides a fair propor- 
extensive area in the Simla Hills. Their fruits tion of phosphate P 2 O 5 (1*49 per cent) and 
are consumed. The seeds contain oil, which potash (1*09 per cent). Its waste as a 

is used in cooking, burning, toilet creams, and fuel is therefore an economic loss to agriculture, 
certain pharmaceiiticai preparations. The oil especially in its relation to th e supply of nitrogen 
is obtained by pressing the kernels from the pits, for proper crop production. 

w'hich are separated from the Iruits of Prunus ^ With a view to find out its possible utilization 
armeniaca in large quantities in the manufacture as a suitable nitrogenous manure, the enquiry has 
of dried apricots. The kernels constitute about resolved itself into two distinct divisions, viz. 

20 per cent of the pits and contain from 40 to ( 1 ) the biochemical study of its nitrogen trans- 
45 per cent of oil. The cake left after extracting formation in the soil, and 

the seeds for oil is neither utilized as a cattle- ( 2 ) the determination of its efficiency as a 
food owing to its bitter taste, nor does it find nitrogenous manure, 
an alternative application as a manure. It is 

burnt as a fuel only. The chemical examination I* Biochemical study oe nitrogen transeoe- 
of the cake by the method of Warth and Ko Ko mation in the soil of apricot cake 

Gyi [1918] revealed the j)resence of 0.057 per cent It is essential to know at the first instance 
of hydrocyanic acid, which is high enough to prove how much of the nitrogen contained in the apricot 
fatal to the cattle, when fed. The content of seed cake can be converted into available forms, 
hydrocyanic acid may be attributed to the presence before evaluating its efficiency for crop growth 
of some cyanogenetic compound lilve glucoside in a soil. In order to do thisf^^ 
ill the cake. It is well known that glucosides subjected to a study of its nitrogen transforma- 
are widely distributed in the plant kingdom and tion in the laboratory from the biochemical point 
the first products of their hydrolysis in the soil of view in three diferent types of soil, viz. ( 1 ) 
are glucose, aromatic compounds, and hydro- a highly calcareous Pusa soil belonging to the 
cyanic acid, trans-Gangetic alluvium, ( 2 ) a non- calcareous 
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Kalianpur soil near Cawnpore, United Provinces, 
and (3) a hill soil from Solon near Simla Hills. 
The mechanical and the partial chemical compo- 
sition of these soils are given in Table I in order to 
give some idea of their water relationship, aera- 
tion, and mineralization of organic matter, etc. 

Table I 

Mechanical and partial chemical composition of 
Pusa, Kalianpur and Solon soils 


Constituents 
per cent 



Solon 

soil 


I. Mechanical composition 


Glay . . . 

5-62 

12-14 

19-96 

Silt 

23-68 

24*80 

34-48 

Very fin© sand 

47-37 

28-44 

18-98 

Other sands . 

23-33 

34-62 

26-58 


II. Chemical composition 


Organic matter 

Carbon 

Nitrogen 

Carbon/Nitrogen ratio 
Calcium carbonate . 

Water-holding capacity 


2-05 

0-72 

4-34 

0-46 

0-42 

2-52 

0-316 

0-072 

0-17 

14-06 

5-80 

14-80 

35-00 

0-50 

6-40 

8-29 

7-63 

8-19 

48-00 

52-64 

50-10 


16 per cent of moisture was maintained through- 
out the experiments. The incubation was 
carried out at the ordinary temperature which 
varied between 29°' and 33°C. in the case of Piisa 
and Kalianpur soils, and between 21® and 31®C. 
in the case of Solon soils. Periodically samples 
of soil were drawn . and ammonia, nitrite, and 
nitrate determined in them,— -ammonia by the 
aeration method of Matthews [1920], nitrite and 
nitrate by the colorimetric methods, with sul- 
phandic acid and a-napthylamine, and with phenol- 
disnlphonic acid respectively. Controls were run 
simultaneously side by side in the same soils 
without any application of the cake. While 
calculating the availability of the cake with 
respect to different forms of nitrogen as given 
in the following tables, due allo'VFance was made 
by subtracting the corresponding values of avail- 
able nitrogen formed in the controls under 
identical experimental conditions. The results 
for Pusa, Kalianpur, and Solon soils are set forth 
in Tables II and III. 

From the data presented in Tables II and III 
it is evident that 63 and 60 per cent of nitrogen 
contained in the apricot seed cake have been 
transformed into available forms by 8 weeks’ 
incubation in Pusa and Kalianpur soils respec- 
tively, and 54 and 58 per cent nitrogen of the 
original and the fat-free cake respectively in 
Solon soil by about 7 weeks’ incubation. These 
amounts represent the maximum limit of trans. 
formation under the experimental conditions 
as further incubation does not seem to increase’ 


Forty milligrammes of nitrogen in the form of 
cake were applied per 100 gm. of air-dry soil and 

Table II 

Nitrogen changes of apricot seed cake in Pusa and Kalianpur soils 




Cake in Pusa soil 



Cake in Kalianpur soil 


Num- 









ber 









of 

days 

Mg. N 

■ Mg. N 

Mg. N 

Totals 

. Mg, N 

Mg. N 

Mg. N 

Totals 

incii- 

as NHg 

as NOa 

as NO 3 


as NHg 

as NOg 

as NOg 


bated 









Nil 

0-40 

Nil 

— 0-36 

0-04 

0-32 

Nil 

™-0.27 

,,0-06]' 

■' ' 7 ■' 

15-68 

—0-03 

— 0-36 

15-29 

6 - 96% 

1 - 39 

—1-80 

■ 6-65 

10 

17*76 ■ 

■—0-01 

—2-16 

15-59 

3-04 

1-05 

4-66 

■, 8- 75 

14 

20-24 

0-02 

—0-72 

19-54 

1-04 

0-07 

16-56 

,17-67 

17 

21-36 

0-05 

—1-08 

20-33 

0-72 

0-04 

16 -74 

17-50 

21 

21-44 

0-26 

—0-78 

! 20-92 

0-32 

0-01 

17-82 

18-15 

25 

20-24 

0*74 

-1-44 

19-54 

0-32 

Trace 

20-52 

20-84 

3|:' ■■ 

15-76 

1-57 

2-98 

20-31 

0-24 

99 

20-88 

' 21 • 12^ 

35 

13-04 

0-82 

8-28 

i 22-14 

0-32 

99 

20-88 

''21-20: 

42 

10-00 

0-01 

11-88 

' 21-89 

0-32 

99 

22-,14 

' , ,,22*46 , 

49 

7-52 . 1 

Trace 

14-40 

21-92 

0-16 

' J* 

23 - 40 

23*56: . 

Kin 

6*24 


18-72 

24*96 

0-32 

99 

23-76 

24-08 


5-04 1 


18-82 

23-86 

0-08 

■ "■ a. 

\ ' 23-40 

,' 23*48 ■, 

< u 
ft! 

4-80 


18-72 

23-52 

0-24 

' ^ 

■ 23-04 

23*28 

Oi 

100 

4-64 


19-26 

23-90 

0-08 

<m , 

' 99 ""’ ■ : 

23-04 

"^""":23>T2 ■■■', 
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Table III 


Nitrogen changes of apricot seed cake in Solon soil 


Num- 

ber 

of 

days 

iacu-.' 

bated 

Original cake in £ 

)olon soil 

Fat-free c'^ake in Solon soil 

Mg. N 
asNHs 

Mg. N 
as NOjj 

Mg. N 
as NO 3 

Totals 

Mg. N 
as NH 3 

Mg. N 
as IST 0 2 

Mg. N 
as NOg 

Totals 

Nil 

0-08 

— -0*01 

—0-18 

—0*11 

Nil 

—0*01 

—0*18 

— 0 • 19’ 

3- 

5*28 

0'09 

— 1-26 

4*11 

9*04 

0*12 

—1*17', 

7-99 

5 

9*12 

0-32 

— 0-36 

9*08 

12-40 

0*39 

0*50 

13*29 

7 

7-04 

0-65 

3-96 

11*65 

8*72 

0*70 

5*76 

15*18 

10 

0'64 

0*03 

15*52 

16-19 

0-96 

0*02 

20*38 

21-36 

14 

0*24 

Nil 

16*66 

16*90 

0*24 

Nil 

20*62 

20-86 

21' 

■Nil 


19*08 

19*08 

Nil 

if 

20*80 

20*80 

28 



19*35 

19*35 

if 

ff 

21*87 

21*87 

45 



21*60 

21*60 

ff 

ff 

23*04 

23*04 

66 



21*24 

21*24 

ff 

ff 

23*40 

23-40 

70 



21*24 

! 21*24 

if 

ff 

23*04 

23*04 

84 



21*42 

21*42 

ff 

ff 

-22*70 

22*70 

98 

if 

if 

20*98 

20*98 

ff 

if 

23-58 

23.68 


the available nitrogen in the soil mixtures. In 
the fat-free mustard cake Walton [1928] found 
that about 60 per cent of its nitrogen nitrified in 
Fusa and Kalianpur soils in 8 weeks' incubation, 
which substantially agrees with the results 
obtained in the nitrification of apricot seed cake 
and points to its suitability as a nitrogenous 
manure like mustard cake. In the controls,, the 
amount of soil nitrogen nitrified in Solon soil is 
the least, being about 4 mg. only, and in Kalian- 
pur and Solon soils the amounts nitrified are 
about 9 and 14 mg. respectively. 

A closer examination of the data reveals some 
interesting points with regard to the manner 
in which the nitrogen changes takes place in these 
soils. 

PnSA SOIL 

Nitrogen changes of the cake in Pusa soil are 
shown in Pig. 1. 



There is an abundant formation of ammonia 
from the cake in Pusa soil from the very start, 
which sharply increases and reaches the maximum 
in the first three weeks', incubation. Then it 
rapidly falls off during the next five weeks, after 
which it slackens and then remains practically 
constant till the 14th week’s incubation, wBen 
the evolution of about 5 mg. of nitrogen as am- 
monia still persists. The immediate effect of the 
production of hydroc^^anic acid as a result of 
hydrolysis of the cake and of ammonia in the 
cake-treated soil ajipears to have complete^ 
retarded the formation of. nitrate for the first 
3|- weeks and also of nitrite for about two weeks. 
The negative values in Table II point to the fact 
that in the cake- treated soil there is a lesser .pro- 
duction of nitrite and nitrate than in the control 
(soil alone) for the periods of time noted therein 
due perhaps to the toxic effect of hydrocyanic acid 
produced on the nitrifying flora of the soil. After 
3|- weeks the nitrate formation rapidly pushes 
forward reaching the maximum in 8 weeks 
accompanied by a gradual fall of ammonia, and 
then remains practically constant till the 14th 
week’s incubation. After the second week the 
amount of nitrite formed rapidly increases and 
reaches the maximum in 4| week’s incubation. 
Then it slopes down quickly to a negligible 
quantity after the 5th week. 

Kalianpur soil 

I Nitrogen changes of the cake in Kalianpur 
soil are shown in Fig. 2. 

In the cake-treated Kalianpur soil the accu- 
mulation of ammonia is considerably less in the 
initial stages of incubtdion than in the cake- 
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Ft©. 2. Nitrogen clianges of apricot seed cake in 
Kaiianpur soil 



Flo. 3. Nitrogen changes of apricot seed cake in Solon soil 
treated Pusa soil. Its retarding effect, if any, 
coupled with the production, of hydrocyanic 
acid as a result of hydrolysis of the cake, i on 
the formation of nitxate is pronounced in the 
1st week’s incubation. In the next week there 
is a sharp fall in the accumulation of ammonia 
and the curve of its formation solpes down, 
remaining practically constant aft;.r the 3rd 
week. ^ The nitrate formation curve, on the other 
hand, initially lagging behind the control during 
the 1st week as shown by the negative values of 
nitrate in Table II for that pc-riod, shoots up 
steeply for the next 2f weeks. Then it slackens 
reaching the maximum in the 7th week and later 
on remains piacticaily constant till the 14th 
week’s incubation. 

Solon soil 

Nitrogen changes of the cake in Solon soil are 
whown in Fig. 3. 

In the cake- treated Solon soil the cake simu- 
latoB its behaviour in Kalianpur soil. Here an 


experiment with a fat-free sample .of the cake 
■ w^as included in orde,r to determine Its superior 
action, if any, to the untreated, cake during the 
course of nitrogen traiisforiii,at.ion. The. original 
cake contained as much as 10 per cent of oil, 
wdiich is believed to retard the action of soil 
organisms on it. Although, th.a amount ,of 
nitrogeit converted into .available forms- is only 
4 per cent highe.r.iii the fet-free sample than, in 
the original cake, the course of action is similar 
in both, the cases. and follows, the same relation- 
ship between ammonia and nitrate formation as 
in the case of Kalianpur soil. 

A critical examination of the nitrogen changes 
reveals an. initial xjroduction of hydrocyanic acid 
from the cake, the immediate depressing effect 
of wdiich is apparent on the formation of both 
nitrite and nitrate in all the three soils experi- 
mented with. This effect howwer dissipates 
in about a v eek’s time in Kalianpur and Solon 
soils, and in 3|- weeks in the calcareous Pusa soil. 

There is some controversy on the depressing 
effect of ammonia on nitrifying organisms. 
Boulanger and Massol [1905] found that the 
^owth and activity of nitrate bacteria i« not 
injured by the ammonium salt, but by free 
ammonia. Omeliansky [1900] and Meyerhoff 
[1917] observed that a high concentration of 
ammonia or nitrite is harmful to the progress of 
bacterial nitrification. On the other hand, later 
workers, such as, Fred and Davenport [1921], 
and Joshi [1928] found that nitrifying organisms 
can tolerate much larger amounts of organic 
matter and ammonical nitrogen than those given 
by the early investigators. Hydrocyanic acid thus 
appears to be maiiiiy responsible in exercising a 
toxic effect on the normal activities of nitrite 
and nitrate bacteria in the soil in the initial 
stages of incubation, but, later on, this injurious 
effect is minimized and ultimately disappears 
owung to the dissipation of hydrocyanic acid. 
Then the conversion of ammonia into nitrate 
follo’ws by the gradual preponderance of nitrifying 
organisms. 

II. EFmCIE.NCY OF AinilCOT .SEED .CAKE.,AS;'. 

NITROGENOUS MANURE . 

It has already been demonstoted above that 
54 to 63 per cent of the nitrogen present m th^^^ 
cake is transformed into available forms in three 
different types of soil as shown in Tables II and 
III in about two months. It therefore became 
of interest to determine how far this available 
nitrogen derived from the cake could be utilized 
for growing crops in these soils, and, as a conse- 
quence, if this cake could find an application as 
a suitable nitrogenous manm^e for soils, especially 
in the neighbourhood of its production. 
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In order to test this, a series of pot experiments 
was started in the winter of 1932 with the cal- 
caroiis Pusa soil. Wheat was chosen as the rabi 
(winter) crop which responds readily to nitro- 
genous manures, Four pots of similar dimen- 
sions, c.g. 9 in. in diameter by 12 in. high formed 
a group and received similar treatment. The 
pots contained 15 kilot of air-dry soil in each 
and 16 per cent of iiioistiire w^as maintained in the 
soil thi-oiighout the experiment. The apricot 
seed cake was applied to the pots according to the 
following scheme, given in Table IV. 

Table' IV ■ 


Sckmm of appUcatiofi of apricot seed cake io 
pot-culture experiments 


Pot 

numbers 

Mg. 

nitrogen 
per kilo 
of soil 

Lb. ma 
per a( 

nuriai const 
3re from the 

ituents 

cake 

[ 

. N 

P.0, 

KjO 

;i to 4 

Ccrntrol 




; 5 to 8 

10 

^ 20 1 

4-47 

3*27 

9 to 12 

20 

40 

8-94 

6*64 

13 to 16 

40 

80 

17*88 

13*08 

17 to 20 

,50 1 

100 

22*35 

16*35 


Pusa Wheat jNo. 12 was sown on 10 November 
1932 and the crop harvested on 20 March 1933. 
In order to determine how^ far the residual ejffect 
of the manure persisted in Pusa soil, a second 
crop of ragi {Bleusine coraca7m) was raised in the 
following summer in these very pots without 
any further manuriai treatment. Ragi seeds 
were sown on 11 June 1933 and the crop was 
harvested on 3 October 1933- 

Although the weights of both grain and straw 
per- pot wexe recorded separately, only the mean 
yields of grain per treatment for both wheat 
and ragi are given in Table V" along with the 
standard errors calculated by Fisher’s [1932] 
analysis of variance. As a matter of fact, similar 
conclusions emerge from the examination of data 
either for grain or straw. 

In order to obtain furtlier ooniirinatory data, 
pot experiments were instituted in the winter 
of 1933 with Solon and Kalianpur soils. Similar 
pots wore used and the same treatments followed 
as in Pusa soil. Pusa Wheat No. 12 was sown on 3 
•November 1933 and the crop raised harvested 
on 14 Mar ell 1934. Ilie mean yields of grain 
per treatment both for Solon and Kalianpur 
soils are given in 'fable VI along with the 
standard errors calculated by Fisher’s [1932] 
analysis of variance. 


Table V 

Effect of apricot seed cake as a ‘nitrogenous 
manure in Pusa soil in 1932-33 


Primary effect: ; Residual effect 


Mg. N per 
kilo of 
soil 

Wheat 1932-33 

. . 

: BagilMZ ' 

Mean 
yield in 
gm. 

Per cent 
increase 
over 
control 

Mean 
yield in 
gm. ■ 

Per cent 
i.ncreaso 
over 
control 

Control 

4*34 


9*08 .■ 


10 

8*01 

S4’(> 

10*63 

.■ ■ if* i 

20 

8*26 

90-4 

10*13 

11*6 

40 

10*08 

132-3 

10-55 

" 16*2 

50 j 

i 11*06 

155-0 i 

12*20 

34-4 

Standard error for 




comparison of mean 




yields 


0*59 ! 

0* 

98 

Critical difference 




for F= 1 per cent 

1 • 74 

1 , 2* 

89 

for P = 5 per cent 

1*26 

2* 

09 


Table VI 

Effi^ciency of ag^ricot seed cake as a )ntrogenous 
7 nanure on the yield of wheat in Solon and 
Kalia^rpmr soils m 1033-34 



i Solon 

soil 

Kaliauj 

jur soil 

M^u. R per 

1 ’ 

i -Mean. 

Per ceil t 


Pel* cent 

kilo of 

f yield in 

in crease 

yield in 

inerf‘ase 

soil 

I gm. 

over 

gill- 

over 


1 

1 

control 


control 

(.’ontrol 

12-43 


lL08 


10 

i 14*83 

19*3 

11-80 

94* i 

20 

, 15*88 

27*8 

17*03 

180* 1 

40 

’ 21-80 

75*4 

19*63 

222 • «s 

50 

24*08 

93*7 

24*18 

3uo* 0 

StaiKiard tMTOj* for 




compuriHon of inciui 




yields 


1 • 4<4 


i *79 

Critit-al difference 




.. ■■ ,,■■■■ , , , 

for P— 1 per cent 

4*30 


5*28 

forP- 5 

per cent 

3* !8 


3*82 


From a consideratloh of the croppiug rosiills 
of the three soils, it is eviiicut tluit the iucrcase 
in crop yield over the eoulrol is high with every 
treatment of the cake. In the ease of Pusa soil t 
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crops were raised after a sirsgle application of the 
cake, viz. (1) w^heat in the winter of 1932 followed 
by (2) raai in the foli owing summer of 1933, the 
latter crop showing the r(^sidnal effect of the 
manure. Cropping results showed that the 
increase in the yield of wlseat over, the control 
was considerafoie according' to the mcreasing 
doses of the manure applied and that the differ- 
ences in mean yields of grain betw^een control 
and every other treatment were significant being 
greater than the critical- value of difference even 
for one per cent level of significance. The 
maximum crop was obtained the application 
of 40 mg. of nitrogen per kilo of soil as apricot 
seed cake, although a little better crop was pro- 
duced by 50 mg. of nitrogen per kilo which was 
not however statistically significant. 

In the case of ragi crop, aJthough the increase 
in the yield of grain over the control indicated 
the residual effect of eveiy treatment of the cake, 
the residual effect of 50 mg. of nitrogen only 
gave significantly higher yield than the control. 

It niay^ therefore be concluded that the residual 
effect of the cake can persist till the next suc- 
ceeding crop in calcareous soils, oniy^ when it is 
initially applied at the rate of 50 mg. of nitrogen 
per kilo of soil. 

In the case of Solon and Kalianpur soils the 
increase in the yield of wheat over the control 
was high with the increasing doses of nitrogen 
applied in the forn} of apricot cake. The differ- 
ences in mean yields of grain between control 
and every other treatment of the cake were 
also highly significant as in the case of Pusa 
soil except for 10 mg. of nitrogen in Solon soil 
showing no significant increase. It will be 
furthei* noticed that the application of 40 and 50 
mg. of nitrogen per kilo of soil gives the maximum 
yield of wheat in Solon and Kalianpur soils res- 
pectively. 

A closer examination of the cropping results 
of the three soils reveals the fact that the maxi- 
mum ci*op response was attained to the applica- 
tion of apricot seed cake in Kalianpur soil, next 
(^ame in order the Pusa soil, and last of all was 
rlie .Solon soil. It may' therefore be concluded 
that apricot seed cake can serve as a suitable 
nitrogenous manure perliaps for various types 
of soil, and especially' in agricultural lands in 
the ludalilxnirhocH'l of Solon where it is available 
in phmty', hot at present wasted as a fuel only. 

8TJMWAEV AND rjRXERAL COKCLtJSIOKS 
’ L About ()0 per ('(*nt of nitrogen present in the 
a|.‘ricot se(‘d cake ijiay' be transformed into avail- 
able forms in Kalianpur, Pusa, and Solon soils 
on 7 to 8 weeks' incubation. 

2. Of tiu' soil nitroiten present, the least amount 
is nitrified in Solon soil which nevertheless con- 


tains three times as much organic nitrogen as in 
the other soils.; the lii.gliest nitrification takes 
place in Pusa'. soil, aii;] Kalianpur soil stands 
midway in. this resriect, the soil nit,rogeii nitrified 
being 4, 14, .and 9 ;rig. respectively. Tim same 
ordeiA of the nitrifi. cation of the taike too is main- 
tained in these soils. 

3. In all, the three so.iIs a large evolution of 
ammonia takes place initially from the cake. 
Later on, however, it gTadiially goes down to a 
small, quantityx , 

4. An apprerdable ' quality' of '.hydrocyanic acid 
is found in the cake,, indicating the presence of 
some . cyanogenetic compound in it: Its content , 
is high enough to prove fatal to the cattle, if the 
cake is fed to them. 

. 5. Hyxlrocyanic acid is a- product of hydro- 
ly'sis of. the cake in the' soil.. It might have, 
contributed towards retarding the formation of 
both nitrite and nitrate in the early stages of 
incubation. This injurious effect is however later 
on reduced to a luinimum and ultimately non- 
existent. 

6. Pot experiments showed that "the. applica- 
tion of 40 mg. of nitrogen as cake per kilo of soil 
produced the maximum yield of wheat in Pusa 
and Solon- 'soils, and 50 mg." in the case, of Kalian-., 
pur s.oiL . The. results, we,re found to ..be ..statisti- 
call.Y signifiea,at. 

7. In P'usa soli the increased f'yield' of .wheat" 
over the control was high according to the increas- 
ing doses of the cake varydng from 10 to 50 mg. 
of nitrogen per kilo of soil. The residual effect 
of 50 mg. of nitrogen a]3plied initially per kilo of 
soil gave significantly high yield of (Eleusine 
coracaua) over the control, the rest of the treat- 
ments giving somewhat higher yn'eMs than the 
control, though not statistical^ significant. The 
residual effect of the cake was not however tested 
in Solon and Kalian] )ur soils. 

8. In Ivaiiaiipiu' soil the iiicreas^rd ynelds of 
wheal over the control were remarkahly" hlgl) 
with va ry 'ing doses of the cake. 

9. In Solon soil the yields were the least, com- 
pared to Pusa and Kalianpur soils. The results 
were however statistically significant exicept for 
10 mg. of nitrogen pei' kilo of soil. 

10. The cake being thus ms a nitro 

genous manure with aii important ertn; like wluaU 
in three dissimilar ty'pes of soli, it will unxioiibiedly'* 
prove as an effickeit rriirogersous luanhv^^ for soil 
which are pamticularly' deficient in ibis cons:*;- 
tuent, and especially so in agrieiiltiiral lands in 
the neighbourhood of Solon whirc it is avaiiablo 
in plentyq but at present wusted as a fuel only, 



36 


THE INDIAN JOUENAL OP AGRICULTUEAL SCIENCE 


REPEBENCBS , 

Boullanger, E. and M Etudes Sur Les 

Microbes Nifcrificateiirs. Pts. I <fe II. Ann. Inst, Past. 
17,492-515^903; 18, 181-96, im 

Fisher, R A. . {19S2). Statistical Methods for Research 
IPor/cera. Oliver & Boyd, Edinburgh 

Fred, E. and Deveiiport, A. (1921). Organic com' 
pounds and nitrification. Soil Sci. 11, 389 

Joshi, N. Y. (1928). Some observations on the effect of 
the high concentration of organic or ammoniacal nitro- 
gen on nitrification in soil. Agrie. J, Indian 23, 473 


Mathews, D. I. (1920). The determination of ainmoma 
in soil. J. Agrie. Sci^ 

Meyerhoff, 0. (1917). Dntersuchmigen ueber den 

Atmmigsvorgang nitrifizierender Baktorien. Pfinf. 
Arch. Gess. Physiol. 166, 240 

Omeliansky, W. (1900). Ueber die Nitrifikation dm 
organisciien Stickstoffs. Cmtr. Bacterial. Abt. II, 

473 

Walton, J. H. (1928). Nitrification of calcium oyana- 
mid© in some Indian soils. Mem. Dept. Agr.^ India , 
Bact. Ser. 2, 35 

Warth, P. J. and Ko Ko Gyi. (1918). Prussic acid ia 
Burma beans. Agr. Res, Inst., Pma Bull, 79 


STUDIES ON THE ROOT-EOT DISEASE OF COTTON IN THE PUNJAB 

XIV. EFFECT OP SOIL TREATMENT ON DISEASE INCIDENCE 
By R. Sahai VAStJDEVA, * Ph.D. (Land.), D.I.C. (Lond.), Assistant Plant Pathologist, Imperial 
Agricultural Research Institute, New Delhi 
(Received for publication on 22 May 1944) 

(With one text-figure) 

Roox^rot of cotton is the most destructive disease 1930] and Young and his associates [1932] have 

of this crop in the canal irrigated colonies of the suggested control of Fusarmm wilt of cotton bj 

Punjab. The soils in these areas are predomi- addition of potassium salts to the soil, 

nantly light loam in texture with 15-20 per cent Experimental 

clay, and are mostly alkaline in reaction. The All the experiments reported herein were con- 
degree of alkalinity varies considerably and may ducted at Lyallpur on land which was heavily 

even go up to 9 or so in some highly alkaline and uniformly infected with the disease in order 

soils. The causal ovgBmmxi^ RUzoctonia Solam to get reliaWe and comparable data. The dis- 

' 1 Kuhn and MacropJiomina iiliaseoli (MauW.) Ashby tribution of infection in a large number of fields 

[RMzoctonia hataticola (Taub.) Butler] are soii- had been mapped out during the previous seasons. 

' inhabiting fungi and bring about the death of the Pig* . 1 shows the method of mapping. Black 

plants by attacking their roots. It was considered lines in the figure indicate the positions of plants 

uii possible therefore to control the disease by altera- killed root-rot. Cotton was sown in the month 

tion of soil conditions as affecting the host and the of May which is the most favourable period for 

■ j organisms. The experiments reported in this development of the disease. Both Desi 

[ paper were conducted with this end in viev^ during pm‘m indicuni) and American {G, Mrsutum) 

' 1935-1940. Such methods of control are directed cottons were used in these experiments, and sow- 

V to the eradication of the fungus from the soil ings were done in lines 2 J and 3 ft. apart respectively^ 

" during its resting period, and the control of the a. Effect of soil fumigation 

‘ . disease may be effected by checking the activity 1937 aii infected' field was divided into 18 

of the fungus during its parasitic phase, by in- plots each 12 ft.x 12 ft., and holes I ft. deep were 
creasing resistance of the host, and by creating fco^ed with a soil sampler at a distance of 2 ft. 

; ; adverse soil conditions for the sub-soil develop- f^-om one another. Altogether 36 holes were bored 

:: ment and parasitism of the organism concerned, b) each plot. Paradiehlorohenzene or calcium 

Such methods have proved successful in the cyanide was added in the holes at the rate of 340 

control of several plant diseases. The most jb^ pc^ about two months before planting 
familiar example is that of the control of potato cotton. In the control plots tlie ibcles were bored 
scab by application to the soil of chemicals or and filled up with soii without the addition of any 
fertilizers with a view to increasing soil acidity, chemical. Six plots were treated with each of 
The severity of root rot of %vheat seems to be the chemicals and six wen* kept as controls. The 
infiuenced by the time and mode of tillage [Sewell experiment was laid out on a randomized block 
: [ and Melchers, 1924], and the use of fertilizers has system. Desi cotton variet\' MoIUsoni 15 was 

I been shown to result in the control of root-rot of sown on 15 Mav 1037, and ‘observations on the 

, peas [Haenseler, 1930], Neal [1928], Miles [1929, incidence of the disease were made at weekly 

I . * Lately Assistant Cotton Mycologist, Punjab Agricub throughout the growing season. Th# 

. i tural College and Research Institute, Lyallpur data are summarized in Table T, 
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Table I 



Effect of soil f umigation 


Treatment 

Total No. 

Total plants 

A%^erage per 

Average yield 

of 

killed 

cent 

of seed 


plants 


mortality 

cotton 
per acre 





lb. oz. 

Calcium cyanide . , . . 

218 

67 

'28*32 ' 

425 2 

Paradlcblorobenaene . . . . 

191 

10 

4*67 

374 15 

Control . . . . 

226 

69 

29*53 

■621 . ' ' 2 ' 


It was observed that the disease incidence in results recorded in Table I that this chemical, 
the plots treated with paradichlorobenzene was when tested under field conditions, almost failed 
appreciably reduced, but germination in all these to check infection, and this failure was probably 

plots was considerably delayed and the plants due to the inability of the disinfectant to reach 

remained comparatively much smaller and stunt- the root rot organisms in the deeper layers of the 
©d. It is therefore difficult to explain as to whe- soil. Fumigation of the soil by means of chemicals 

ther low incidence of the disease in the plots appears to be unsatisfactory because of the cost 

j treated with paradichlorobenzene was due to this involved and the possibility of the disinfectants 
treatment or to late germination which amounts proving inaffective when applied under field con- 
to late plantings in the month of June. It has ditions. 

already b^n shown fVasudeva 1937; 1943] g. Effect of cuUural treatment 
-* that the disease can be controlled by planting Experiments in connection with the modes of 
cottons late towards the end of June, xield of perennation of the fungi causing root-rot showed 
seed cotton in the treated plots was lower than that that the diseased roots of cotton found in affected 
obtained from the controls. patches in the field invariably yielded the causal 

In laboratory tests made with calcium cyanide fungi in culture. These organisms were also 
, fVasudeva, 1937] it was observed that hydro- isolated from roots of cotton plants collected from 
cyanic acid gas penetrates up to a "depth of 18 fields allowed to fallow after removal of the crop, 
in, after six days and kills the resting bodies and the resting bodies of the fungi obtained from 

of the fungi concerned. It appears from the such roots collected from various localities were 
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found to be viable when cultured on an artificial 
medium. 

In the summer of 1935 roots of cotton plants 
bearing the resting bodies of the fungi were left 
in the open exposed to atmospheric conditions 
and were also buried in the soil at various depths 
ranging from one to five feet. These bodies 
were found to be viable even after three years 
and isolations from the roots yielded Macroplio- 
mina phaseoU in all cases, biit E. Solani was 
very rarely recovered. The fungi are also capable 
of over- wintering under frosty conditions. In 
view of this normal cultural treatments w^ere so 
varied so as to minimize the source of infection 
in the soil. 

(a) Effect of removal of diseased debris, addition 
of farmyard manure and flooding. —An. experiment 
involving these treatments singly and in coinbina- 
tioTi with a non-treated variant, i.e., eight variants 
in all was laid out in 1989-40 on a randomized 
block system. Five repeats of each treatment 
werekept. 
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A heavily infected field was divided into 40 
plots, each'plot being 24 ft. xM ft. Eemovalof 
diseased debris w^as as far as possible effected with 
the help of plant piillers and then by deep plough- 
ing with a furrow^-turning ploiigh and picking 
up the roots by hand. Altogether, flooding of 
the plots w'-as done five times before planting 
cotton. The time required for flooding each line 
of four plots, during the first three irrigations was 
7 to 8 min., and in,, the last two irrigaticns only 
6 to 7 min. w-'ere taken in •flooding each line. "'■The 
time required for giving a normaHiTigation, i.c. 
2.| in., water after 'sowing cotton was about 4 to 5 
min. Well rotted farmyard manure at the rate 
of 18 tons per acre was added. All precautions 
w^erC ' taken to^ obtain reliable and com]")arable 
data. 

On 20 May 1939, IJesi cotton variety Mollisoni 
89 was sowni in all the 40 plots. Observations 
for disease incidence were taken for the fiist time 
on 19 June 1939 and thereafter at wc^ekly intervals. 
The average per cent mortality diie to root-rot 
in various treatments is summarized in Table II 

E II 


Effect of different treatments on di>^ease incidence 



1 Untreated- -not flooded 

T:reateci“~flood| 

ed 

Treat-meat 

Total No. 

Total 

f Average 

Total ! 

Total 

Average 


of plants 

killed 

per cent 

No. of plant, ^ 

ki]le<i 

per reiit- 


due to 

mortality 


due to 

mortality 


i 

root -rot 


root-rot 


i. Addition of farmya.rd 

739 

195 

69* 1 

747 

3 99 

52 *u 

manure 




74i^ 



2. Removal of diseased debris . 

750 

494 

65 • 9 

IS3 

24-4 

3. Removal of diseased debris 

746 

■; 245^. I 

32*9 

747 

404 

.54-0 

and addition of farmyard 


,1 





manure 







4. Untreated control 

, -.I 

736 

296 ^ 

40- 1 

748 

439 

5<S • 0 


Indications of reduction in mortality were ob- 
tained only in the plots from which cotton roots 
had been rmoved and the plots had been flooded. 
The results, however, were barely significant. 

A similar experiment was laid out in 1940-41 
and three repeats of each treatment were kept. 
No indication of any appreciable reduction in 
mortality in any of the treatments was obtained. 

The effect of flooding alone was also studied 
in an experiment where cotton variety Mollisoni 
15 was sown in the middle of May on ridges as well 
as on flat. In controls only normal irrigation 
was given. No appreciable difference in mortality 
in the treated and untreated plots was observed. 

The effect of removal of old roots on the deve- 
lopment of the disease was studied in another 


experiment in which soil v/as dug up to a depth of 
2| ft. and from it all pieces of cotton roots were 
carefully removed. The disease incidence in the 
plots so treated was 40*7 per cent as (‘ompared 
to 80 per cent in the untreated control. 

(6) Effect of trenching. The experiment was 
conducted in plots, 80 ft. xl7 ft. each. Almui 
six weeks before sowing cotton the soil in two plots 
was dug up to a depth of 6 ft. and in another tw’O'* 
plots digging was done only to a depth of 4 ft. 
After a couple of days the earth was tinamd o\m‘ 
and replaced in the pits wo dug. All the plots were 
then irrigated. No digghig was fh me in the control 
plots. Ameriian cotton variety 4F ww sown on 
23 May 1938, and observation^ on the incidence 
of the disease were made w’eekl\'. The data are 
set out in Table III, . • . ' 
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Table III 

Effect of trenching on disease mcideme 


, Treatment', 

'.rotai 

plants 

Total killed 

Average 
per cent 
mortality 

Average out turn of seed 

cotton x^er acre 

I . Trenehed 6 ft. . . , 

386 

35 

9-0 

lb. oz, 

1262 12 

■2. Trenched 4 ft. . 

325 

142 

42-4 

706 5 

•3. Untrenched cheek 

358 

176 

48*1 

624 ' 3" 


The data clearly show that the incidence of continuously cropped with cotton crop were 
root-rot was greatly reduced by trenching up to a observed. In the 12 months tillage treatment only 
depth of 6 ft. and that the outturn of seed two plots out of three in 1936 showed some re- 
cotton in the trenched plots was considerabty duction in mortality, whereas the mortality in the 
increased. The general growth of plants in the third plot was slightly higher than the check 
trenched plots was very vigorous. This experi- plots. In the 24 months tillage treatment also the 
ment was repeated for t\ro consecutive years fall in the incidence of the disease was observed 
with similar results but, as this method of control only in two plots. The figures on mortality re- 
is very laborious, it is not likel^^ to be adopted in corded in 1937 in the treated plots as compared to 
practice. those in plots continuously cropped with cotton 

(c) Effect of tillage,— All expeidment to test are given below\ 
the effect of tillage on the mcidence of root- Continuous cropping 24 months tillage 

rot disease was laid out at the British Cot- 54' 16 14*07 

ton Growers Association's Farm at KhanewaL 44*06 47*30 

Three isolated fields, each 190 ft, x 110ft.. in 19*16 17*26 

which cotton plants had died of root-rot in G, Effect of fertilizers. Experiments to control 
the previous seasons, were selected. Bach the disease by direct application of fertilizers 
field w^as divided into five plots, and each plot to the soil were carried out from 19^5 to 1940, 
was 110 ft. X 38 ft. Five treatments, i.c., conti- and are described, below : 

nuous cropping with cotton, summer tillage, winter (a) Organic marmre.—The beneficial effect of 
tillage, 12 months tillage, and 24 months tillage organic manure applied in deep furrows on the 
were replicated three times. Before sowing all incidence of root-rot of cotton in 

fields were cultivated by a furrow- turning plough Arizona in the U.S.A. has been demonstrated by 
at weekly intervals throughout the period of the King and his associates [1926, 1929, 1934]. Simi- 
experiment. Every effort was made to plough lar trials were conducted at Lyallpur in 1935 and 
to a depth of 6 in and to remove all weeds. 1937. In 1937 forty-eight trenches, each 50-ft. 
Occasionally rain hampered these operations, but long, i|- ft. deep and 1-ft. wide, were dug in a 
the average of one ploughing per w'eek was alw-ays uniformly infected area. These w^ere grouped into 
made up. eight lots of six trenches each. In each group 

In the plots where cotton was contin uously crop- tliree trenches wT.re manured about one month 
. ped, only normal cultivation was given, and the prior to sowing cotton, at the rate of 14 tons per 
test crop of Desi cotton var. Mollisont lo was acre. In 1935 only 32 trenches were dug and 
planted in May 1935, 1936 and 1937, according to divided into eight lots of four each. Out of these 
local cultural practices.' The soil in the summer four only two were manured at the rate of 30 tom 
and winter tillage plots was ploughed weekly per acre. The unmanured trenches in each group 
during April to September, 1935, and October to were refilled with the soil and served as checks. 
February, 1935, respectively. The cultivation in In 1937 A cotton variety 4F and in 1935 
the 12 months tillage plots was carried out from Desi cotton variety’ JfoiZisowi 15 were sown in the 
April 1935 to April 1936. Test crop in all such centre of each, trench in the middle of May. Ob- 
treated plots was sown in May 1936. ‘ In the servations on mortality due to root-rot disease 
24 months tillage plots weekly cultivation was were made at weekly intervals throughout the 
given from April 1935 to May 1937 before cotton cotton season. No regular differences in the 
crop was sown, incidence of . root-rot in the manured and un- 

The extent of root-rot infection in a particular manured furrows were observed. The cumulative 
plot was determined by the number of plants effect of this treatment on disease incidence was 
killed by the disease. No regular differeiaces in not studied. The data collected in 1937 are given 
disease incidence n the treated plots and those in Table IV. 
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Table IV . 

Effect of addition of farmyard manure m deep 
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in Table V. VI and VII. Calcium w«w appUed 

in three different forms, viz. gypsum, limestone 

or limey and calcium chloride. 

where these experiments were J 

be alkaline, although it gives good yields. In some ^ 
of the trials gypsum and other calcium com 
pounds were also included, so that tlm alkalimty 
of the soil may not interfere with these expen- 
ments. These were applied m high 
some of the work on the reclamation of alkalme 
soils (by changing sodium clays into 
which was conducted at the time 
in certain localities only high amounts of gyP?"™ 
and lime, owing to the comparatively low solubility 
of calcium, have been found to give good results. 

In the third experiment (Table VII) the effect 
of potassium was studied alone and in the presence 
of calcium for obtaining a clearer comprehension 
of the results ; calcium chloride was us^ alone 
as well. These two chemicals were used in the 
form of chlorides so that there may be no differ- 
ences in the acid radical and diffOTenees in the 
results, if any, may be directly ascribed to the two 
typos of basic ions. 



Average per cent disease 
incidence 

Group 

Manured 

Uninanured 

' * . • ■■ • ' • 

0-67 

0-69 

2-48 

9-15 

II . 

31-20 

73-85 

III. • • 

90- 22 

81-32 

IV > ' ' . 

86-84 

87-33 

■V^: - ■ • 

VI , . - ' ' • 

89-75 

88-82 

84- 26 

78- 18 

VII . * * 

vin . » * • 

93-86 

90-05 

f* 


(b\ A rtificialjerMtzers, 

of fertilizers on disease incidence was tested in 
u^ifformly infected fields. Besi cotton variety 
Mollisoni 15 was sown during the most favourable 
period for development of the disease. The data of 

Lree of some typical experiments are summarized 


Table V 

Effect of fertilizers on disease incidence 


No. 


Treatment 


Amnioui inn ulp hate 
Superphnspbate 
A mmonimn snlph ate + HiiperphoH 

Silt foliected troin eanal beds 
Untreated control 


Rate per acre 


85 ib. K. 
100 lb. 1\0, 
85 lb. N + 
100 lb. PaOft 
73 tons 


Total plants 
(3 plots) 


297 
290 
294 

298 

299 


Plants killed by 
root -rot 


i O 

94 

82 

92 


Average per cent 
naortality 
(3 plots) 


' 25*2 
31 ‘7 
27-0 


23*1 

30-8 





^Teatment 


Lime stone ■ • • * * . 

Farnivard mauure ‘ . 

Lime stone+K.Y. mannre ...» 

Lime stone-1- superpbosphato . . • * 

p Y . roH 1 1 u re -j- aanm oniuna sni] dia te -f iperphcwpl late 

I'ctreaied ounnol . . * ,* 


Kate per acre 


4480 lb. C'aO 
20(t lb. N. 
4480 lb. CaO 
4-200, ib, 

4480 lb. OaO 
.1.100 ib. PaOft 

'200 lb. N. t 
ib/ 1', 
100 lb J\0 


A\'era<j:e ])©r cent mortality 
1935-36 


(4 plot.s) 

49*5 
55* 3 

26-3 


1936-37 
(4 plots) 


77-1 ■■ 

m - 1 

70* 6 

67* S , 

■ 


I] 


ROOT-ROT DISEASE OF COTTON IN THE PUNJAB, XIY 

Table VII 

Effect of fertilizers on disease incidence 
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m. 

Treatment 

Bate per acre 

Average per cent 
mortality (6 plots) 

Average yield 
per acre 

Yield per 100 
plants 





Lb. oz. 

Lb. oz. 

1 

Galcinm chloride . . 

2281 lb. CaO 

35*9 

894 3 

9 1 

2 

Potasainm , chloride . . 

210 lb. K. 

31-4 

1309 2 

10 11 


Calcium cliloride-f- potassium chlo- 

2281 lb. CaO 

34-8 

1147 10 

10 6 


ride 

-f210 lb. K. 




■ "4: 

Untreated control 


59-6 

712 15 

9 7 


No approicable reduction in the incidence of 
root-rot was observed in the plots treated with 
various chemicals except in the case of plots where 
calcium chloride and potassium chloride alone 
and in combination with each other had been 
applied. The disease incidence in these plots 
was lower than in the untreated control plots. 
There were also indications of increased yield 
where potassium chloride had been applied. 

In another experiment in which a still heavier 
dose of potassium chloride was applied there was 
no change in the development of root-rot, but the 
yield of seed cotton per 100 plants was 21 lb. 
10 oz. as compared to 15 lb. 12 oz. in the untreated 
controls. 

Varying quantities of gypsum, i.e. from 2 to 6 


tons (1456 lb. to 4368 lb. CaO) per acre were also 
tried in 1938-39. The plots treated with 6 tons of 
gypsum showed an average per cent root-rot mor- 
tality of 57 • 8 as against 59*5 in the check plots. 
Lime was applied at the rate of 3 tons (5100 lb. 
CaO) per acre, but both the disease incidence and 
yield of seed cotton were unaffected. 

In 1937-38 the effect of certain minor elements 
was studied in a heavily infected field which was 
divided into sub-plots, 18 ft. x 12 ft. each. Each 
treatment was replicated five times. D^esi cotton 
variety Mollisoni 15 was planted on 20 May 1937. 
Observations on disease incidence were made 
weekly. Data showing the effect of different 
treatments on disease incidence and out turn 
of seed cotton are summarized in Table VIIL 


Table VIII 

Effect of minor elements on disease incidence 


, Ko. ' 

Treatment 

Bate per acre 

Total 

plants 

Plants 

killed 

Average 
per cent 
root rot 
mortality 

Average yield 

of cotton seed 

Per 

acre 

• Per 100 
plants 







Lb. 

oz. 

Lb. oz. 

1 

Borax (anhydrous) . 

2-15 lb. B. 

267 

138 

31-40 

827 

12 

16 4 

2 

Zinc sulphate 

2-27 lb. Zn. 

265 

165 

46-18 

607 

13 

■T5 5':'-"""'' 

3 

Manganous chloride . 

6-94 lb. Mn. 

284 

135 

34-71 

840 

11 

14 0 

4 

Untreated control 


287 

135 

39-40 

944 

2 

15 12 


The elements tested singly failed to exercise any 
favourable influence on the incidence of the disease 
and on yield. 

In another experiment small plots each 11 ft.x 
6 ft., were treated with aluminium sulphate and 
ferrous sulphate at the rate of 500 lb per acre 
(149-12 lb. AI2O3 and 262-37Tb. FesOg). Iron 
and aluminium were not deficient in the soils under 
these experiments but they were included to study 
their effect on the incidence of the disease. The 
plots were 3'andomized and 6 repeats of each treat- 
ment were kept. Entreated plots served as check. 
The observations on disease incidence were made 
throughout the cotton season, Treated and con* 


trol plots did not show any difference in diseas© 
incidence but average yield of seed cotton per acre 
in the treated plots was lower (626 lb.) as com- 
pared to the check plots (747 lb.). 

Experiments described above conducted with a 
view to control the root-rot di. ease of cotton 
show, that soil fumigation, various cultural treat- 
ments and application of fertilizers are of no help 
in controlling the disease. As already reported 
[Vasudeva, 1939], even change in soil-reaction 
failed to reduce the disease incidence. However 
two simple and most effective methods for the 
control of the disease in the Punjab^ i.e., varying 
of sowing date mi mixed cropping, have already 
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been described in the preceding numbers of this 
series [Vasudeva, 1943 ; 1941]. 

SUMMABY 

Eesults of experiments on soil fumigatwn, 

various cultural treatments described m tto 

paper and the application of fertilizers to th® soil 
Lve not given any indication of the possibility 
of evolving a practical method of control of root- 
rot disease of cotton in the Punjab. 
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Notwithstanding the wide variation of soils m 
different parts of the world, the beneficial 
action of phosphatic fertilizers when applied in 
intimate contact with green or other organic 
manures has been universally recogiuzed. Those 
who strongly advocate the use of either natural 
or artificial phosphatic fertilizers for soil amend- 
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The possibility of this effect has not hitherto 
been sufficiently recognized and it is to throw 
light on this aspect of the problem that the present 
investigation was undertaken. _ 

Recent experience does not justify the assump- 
tion that the state of solution is necessary to 
availability of plant food. As for instance, direct 


artificial phosphatic fertilizers for soil amend- fi 9?^ [1922] 


me expianai/jiuxj. u»ucbiAj — 

that organic acids, carbon dioxide, and nitrous 
acid resulting from the decomposition of orgamc 
matter are active agents in making the phosphates 
available to plants. Strangely, however, attempts 
made in the laboratory to test this explanation 
have not given positive results. 

It is, however, conceivable that organic phos- 
phates may he produced by the chemical action or 
through absorption of phosphates with humic or 
organic acids resulting from the decaying organic 
matter in the soil. And it is quite probable that 
such organic phosphates are significantly related 
to vhe crop yield resulting from the combined 


available as plant food, are very well fay 

plants as sources of phosphorus. .Therefore, 
the inevitable conclusion is that solubility is not 
the dominating factor of availability. 

Further, highly dispersed material, though not 
present in a true solution, can diffuse into plant 
cells. As for instance, Czapek [1995] 
colloids can enter plant cells, and Pfeffer [lOoO] 
records the diffusion of silicic acid mto the cell 
sap of plants. Jennings [1918] has shown that 
colloidal silica gel can be absorbed by wheat 
seedlings in water culture solutions. 

In the light of the above observations Comber 


tAihr cron keld resulting from the combined In the light of the aoove onsorvauuus . 

ot and organic devob^d ^ 
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to him, food materials in the colloidal state are 
easily taken up by plants and the cell sap of the 
root hair possibly derives its food material -without 
any acid secretion as formerly supposed. As for 
example, ferric phosphate loses its colloidal pro- 
^ perties on ignition, as a result of which it becomes 
unavailable to the plant according to Prianis- 
chnikow [1905]. On the other hand, aluminium 
phosphate retains its colloidal properties after 
ignition and remains available for the plant. 
Thus, the colloidal condition of phosphates is in a 
large measure related to their solubility and their 
availability to the plant. 

Now if it can be demonstrated that organic 
phosphates resulting from the action of fermenting 
organic matter on phosphatic fertilizers possess 
colloidal properties, remain in the soil in a more 
dispersed state than the inorganic phosphates 
used as fertilizers, and eventually become more 
available to plants, then the increased crop yield 
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obtained from phosphates when applied to soils 
in conjunction with organic matter may be ex- 
plained to have originated from the colloidal 
organic phosphates formed. 

In order to test this, composting experiments 
were instituted with lucerne as a typical source 
of organic matter. Monocalcium phosphate, the 
chief phosphatic constituent of superphosphate, 
and dicalcium phosphate were used in the follow- 
ing proportions for making composts with lucerne : 

(1) 70 lb. of lucerne alone 

(2) 60 lb. of lucerne +237. 32 gm. of monoealcium phos- 

phate (=:| lb. P 2 O 5 ) 

(3) 601b. of lucerne +257.50 gm. of dicaicium phos- 

phate lb. P 2 O 5 ). 

It took about four weeks to complete the 
decomposition of lucerne. When the whole 
mass was homogeneous, the stuff was dried in 
the sun and sampled. The chemical composition 
of the composts is given in Table I. 

jE I 


Chemical composition of composts 





By HCl j 

1 Per cent soluble PgOs by 

No. 

Kind of composts 

N per cent 

Total 

per cent 

Total 

K 2 O 
per cent 

1 per cent 
citric acid 

1 per cent 
KgCOa “ 

1 

Lucerne alone . 

2-712 

1-509 

7-898 

1-032 

0-355 

2 

Lucerne +monocalcmin phosphate . 

2-717 

4-861 

7*805 

1 • 952 

0-831 

3 

Lucerne + dicalcium phosphate . 

2-576 

4-279 

6-683 

2-076 

1-157 


Table II 


Balance sheet of in composts 


No, 

' # 

Kind of composts 

Lb. PaOg in compost 

j Lb. P 2 O 5 extracted by 

HCl Sol. 

PjOjin 

lucerne 

Added 

P2O5 

Total 

P.Os 

HCl 

1 percent 
citric 
acid 

1 percent 
KaCOa 


Lucerne alone .... 

0-0815 

nil 

0-0816 

6-0815 

0-0557 

0-0193 

' 2 

Lucerne + monocalcium phosphate 

0-0739 

0-2500 

0-3239 

0-2625 " 

0-1054 

0-0449 

3 

Lucerne+ dicalcium phosphate . 

0-0739 

0-2500 

0-3239 

0-2311 

0-1121 

0-0625 


1 

j 

Per cent of HCl soluble P 2 O 5 extracted by 

Per cent of total P 2 O 5 extracted by ‘ 

1 per cent citric acid 

1 per cent KjCOg 

HCl 

t ' ’ ■ 

1 per cent citric 
acid 

1 per cent 
K 2 CO 3 

1 

68-39 

23-66 

100 

68-39 

23-66 

2 

40-16 

17-10 

81-04 

32-54 

13-86 

3 

48-52 

27-04 

71-34 

34-61 

19-29 
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It will be noticed that, although the same am- 
ount of P2O5 was originally present while making 
the last two composts, the final products ap- 
preciably differ in composition in their rmation 
to PoO.- content. This is shown by the different 
proportions of P2OS extracted with the various 
solvents, e.g. hydrochloric acid, 1 per cent citric 
acid of Dyer [1894] and 1 per cent potassium car- 
bonate solution of Das [1930]. This effect may 
be further examined by drawing up the finance 
sheet of PaOg in the composts as shown in Table 
.II. Each compost had a dry weight of 5- 4 lb. 

The indefinite composition of the various com- 
• posts is clearly reflected in the different solubilities 
of their P2O5 content in the solvents tried. The 
phosphate composts may still, however, contain 
some of the added inorganic phosphates unacted 
upon by the fermenting organic matter ; this may 
partly account for the different amounts of P2O5 
extracted. With a view to eliminate this possi- 
bility and in order to obtain more rigorous proof 
as to the variable nature of the composts, humus 
was extracted from the individual composts in 
the following manner and P2O5 determined in the 
same for comparison. ^ / 

Composts were shaken for six hours in the cola 
with one per cent potassium carbonate solution 
or water alone in the ratio of 10 gm. of substance 
to 100 c.c. of the solvent and allowed to stand 
overnight. To the deep brown filtrates ^ hydro- 
chloric acid was added in slight excess, which pre- 
cipitated humus keeping other substances in solu- 
tion. The humus was filtered and washed free 
from hydrochloride acid with water and dried at 
lOO'^^O. The results of estimations are given 
in Table III. 

Table III 


PgOg content of humus extracted from composts m^th 
water or 1 per cent potassium carbonate solution 


Kind of oomposts 

Per cent PgOg in humus 
• extracted by 

Water 

K3CO3 

1. Lucerne alone 

2. Lucerne -hnionocalcium 

phosphate 

3. Lucerne + dicalcium 
phosphate 

0.8542 

0.8859 

0.7741 

0.3682 

0.6229 

0.4509 


It is evident that the P2O5 content of humus 
obtained from the three sources is different, and 
consequently the proportion in which fermenting 
organic matter combines with phosphates is not 
constant. The nature of these compounds wiU be 
better intelligible in, the light of the following 
considerations. 


OP AORICULTUBAL SOlPHCE 

It is well known that humus precipitated by 
acids is different from humus not so precipitated, 
both of which play an important role in soil phe- 
nomena. They are not definite in composition, 
consisting of several complex compounds, the 
nature of which depends on the character of the 
sources from which they are derived. On care- 
fully examining a number of soils in their vegeta- 
tion relationships it has been shown that there 
must be several distinct types of humus, which, 
however, cannot be classified, according to Bussell 
[1921], for lack of sensitive laboratory methods. 

.Consequently, some of the organic compounds 
which are normally present in humus, no doubt, 
combine by means of adsorption or chemical 
action with phosphates naturally occurring in 
lucerne or artificially added as fertilizers, and the 
complex organic phosphates thus formed, which 
may be either chemical compounds or adsorption 
complexes or mixture of both, may not therefore 
have the same composition. A discussion as “" to 
the probable constitution of these complex bodies 
evidently lies beyond the scope of the present 
investigation. It was, however, considered essen- 
tial that these organic phosphates should be isolat- 
ed, qualitatively at least, to study them suitability 
as plant food in relation to soil fertility. 

In order to do this, individual composts were 
shaken with water for six hours in the proportion 
of 10 gm. of substance to 100 c.c. of water and 
allowed to stand overnight. The deep brown 
filtrates were then dialysed through parchment 
paper. None of the brown liquid contained within 
tha parchment bag diffused into outside water, 
which was changed every day till 110 trace of B2^5 
nor the presence of any salt could be detected in it . 
The complex organic phosphates thus isolated 
in solution behaved like colloids and did not settle 
down even on long standing. The results of their 
P2O5 determination are set forth in Table IV . 

Table IV 


F Or content of dialysed solutions of complex 
organic phosphates of composts ^ 


Complex organic phosphates 
from composts of 

Time taken 
for dialysis 

Mg. PjOg 
per 100 c.c. 

l.~ Lucerne alone 

20 days 

3‘1 

2. Lucerne 4 - monocalcium 

■-16 M 

10*2 

phosphate 

23 . ■ „ . 

' 4-0 

3. Lucerne -{- dicalcium 

phosphate 




It is evident that these complex organic phos- 
phates from the three sources are different in 
institution with respect to their P2O5 content. 

Next, in order to test how far these eoUoidal 
phosphies could be utilized for supplying the 


4’5 
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pBospliatic needs of plants, Knopp's nutrient 
solution was prepared having the following com- 
position for water culture experiments : 


( Ga(N0 3)2 ...... 4 gm. 

/ MgSO^, 7 HaO. . . . . . 1 gm. 

L FeCl^ . .... ....... Trace 

fKNOg ........ 1 gm. 

K 2 HPO 4 1 gm. ( = 0.4081 gm. P 2 O 5 ) 

{KCI .......... 0*5 gm. 


All the potassium salts and the rest are dissolved 
separately ; the two solutions are then mixed 
together, diluted, and the volume made up to 
seven litres with water. The strength of the 
final solution is 0*011 per cent of salts. On allow- 
ing to stand, a little tricalcium phosphate is pre- 
cipitated which lessens the proportion of calcium 
and phosphoric acid in the solution. The 
was found reduced to 0*043 gm. per litre against 
0*0583 gm. in the original solution. 

As a preliminary study, a series of water culture 
experiments was instituted with seedlings of ragi 
{Eleusine cbracana) in order to test the efficiency 
of the colloidal organic phosphates against K2HPO4 
in the Knopp's nutrient solution. The seedlings 
of about the same size and weight were placed 
in all the solutions. Loss of water was made up 
by the addition of water every day. The follow- 
ing solutions were used : 

(1) 1200 c.c. of Knopp’s nutrient solution ; 
this served as the control 

(2) Equivalent Eficpp’s solution devoid of 
P2O5 plus equivalent PgOg (as present 
in Knopp’s solution) in the form of 
colloidal organic phosphates from the 
compost of lucerne and monocalcium 
phosphate 


(S’) Equivalent Enopp’s solution devoid of 
P2 O5 flus equivalent P2 Og as colloidal 
organic phosphates from the compost of 
lucerne and dicalc iiim phosphate 
(4) Equivalent^ Knopp’s solution devoid of 
P2 Orpins equivalent P2 Og as colloidal 
organic phosphates from the compost of 
lucerne alone. 

In this study no account was taken of the small 
variations in the ionic ratios of the different 
culture solutions evidently brought about by the 
presence of organic matter in the colloidal organic 
phosphates. Observations made qualitatively 
were recorded for a period of 24 days. It was 
found that the growth of seedlings in solutions 

(3) and (4) was superior to that in the control 
(1), whereas the growth in (2) was inferior. The 
colour of the latter solution was much deeper than 
that of (3) and (4). 

For further study the solution (2) was diluted 
to half the strength with respect to P2O5 content 
b5^ adding 1200 c.c. of the Knopp’s solution devoid 
of P20g. The colour of the resultant solution 
became lighter and almost of the same depth 
as in (3) and (4). The solution was placed in two 
vessels, 1200 c.c. in each, and the experinients 
were repeated with 12 seedlings of about the same 
size and weight in each along with the other culture 
solutions previously used. Observations were 
recorded for a period of five weeks. 

The initial and the final weights of the seedlings 
were recorded as set forth in Table V. . The differ- 
ential growth of the seedlings could very well be 
visualized in the control and the rest of the nut- 
rient solutions. 


Table V 


The growth of mgi seedlings in nutrient solutions having inorganic and organic phosphates in them 

separately 


No. 

N ature of nutrierjt solutions 

Weight in mg. of 12 
seedlings 

Difference 

Per cent 
increase 
over 
control 

Initial 

Final 
(After 5 
weeks) 

1 

Knopp’s solution (Control) . , . . . i 

4-4 

10*2 

5*8 


' '2 . 

Knopp’s solutioi devoid of PaOsH- organic phosphate s 






from the compost of lueeme-f mohoealcium phos- 




1 


' phate ; . . . . . ^ ' . ■ • 

4*1 

15*2 

' 11*1 

91*4 


'Duplicate.— Do. L)o. . . , 

4*3 

15-5 

11*2 

93-1 

3 

Do, + organic phosphates from the compost of 






lucerne -}• dicalcium phosphate . . . 

■ '4-2 ' 

14*8 

10*6 

82*8 

' 4 

Do. -}- organic phosphates from the compost of 






lucerne alone . . . • . • , 

4*3 

14*0 

10*2 

76*0 


i 
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It is CTident that the duplicate experiments with 
solution (2) agreed well among themselves and the 
seedlings in them were somewhat better than those 
in solutions (3) and (4). In al the solutions (2), 
(3), and (4) the growth of raf/i''seedlinp was prac- 
tically of the same order and decidedly better 
than that in solution (1) which served af 
control. The percentage increases of grow'th in- 
dicate clearly the superiority of colloidal organic 
phosphates over K^HPO, pre^nt in Knopp s 
solution. With regard to the efficacy ot organic 
phosphates derived from different sources it is 
found that the compost of lucerne and moDOcalcium 
phosphates is the best, next comes in order the 
compost of lucerne and dicalcium phosphate, and 
the last is the compost of lucerne alone. In actual 
field practice also it is observed that the composts 
of green manure and superphosphate or bo 
ploughed in together always give better crop 
yields than either superphosphate or green manure 

^The conclusion therefore emerges that colloidal 
organic phosphates can very well maintain the 
growth of seedlings and serve as better agents for 
supplying the phosphatic requirements of crops 
than inorganic phosphates present in Knopps 
solution, or similar phosphates nomially contamed 
in the phosphatic fertilizers used in ordin^y farm 
practice. Probably the presence of colloidal organic 
matter in these solutions helps the assimilation 
by plants of other food materials too —unlike 
the.same in Knopp’s solution-according to the 
hypothesis already described, by making colloidal 
.contact of root-hairs with food materials. 

Hutchinson [19231 has shown by field experi- 
ments that the application of previously fermented 
green-manure, sunn-hemp {Crotalaria juncea) with 
superphosphate gives greater crop returns in 
calcareous Pusa soils than the same ploughed in 
along with super. The green-manure combined 
with super, on the other hand, yields better crops 
than super alone. The advantage of using pre- 
viously fermented green-manure obviously lies^ in 
the fact that the humus produced by fermentation 
can at once react with super which otherwise 
becomes reverted, into insoluble phosphates on 
reacting with soil bases, rendering the formation 
of colloidal organic phosphates rather a slow 
process. 

The recent work of Spencer and Stewart [1934] 
lends support to the contention as to the better 
^fhciency of organic phosphates in soil. They 
showed that phosphates in organic form of the type 
formula R(OH)x (OPO^My )z escapes, to a marked 
degree, the fixation in soil which normally occurs 
to the phosphates applied in some inorganic forms. 
They experimented with organic phosphates of the 
above type prepared in the laboratory, such as, 




calcium mono-orthophosphate of glycerol C 3 H 5 
(OHlaOPOsCa and potassium sorbityl di- 
Uhophosphate GeH 8 ( 0 H),( 0 P 03 K 2 ) 2 . A high- 
ly calcareous soil did permit little phosphorus in 
the filtrate when a solution of pure monocalcium 
phosphate was allowed to percolate through it, 
whereas, under the same conditions, much phos- 
phorus passed through the soil when the above 
or 2 :anic phosphates were used for percolation. 
Thus the permeation of phosphate in the organic 
form into deeper soil layers in close environs of 
plant roots is assured. This is also supported by 
the theory put forward by Ramanii [1911] and 
Comber [1922] which suggests a distinct possibility 
of the plant" roots absorbing phosphate direct, 
probably through contact with the soil colloids 
and also by the hypothesis of Greenhill [1930], 
according to which, solid phase ’ feeding of phos- 
phoric acid by the roots of crops is probable. 

Summary and general concliusions 

1. Organic phosphorus complexes are formed in 
the soil by the combined action of decaying organic 
matter and phosphatic fertilizers. They were 
qualitatively isolated by dialysis from the compoj^ 
of lucerne alone, and also from lucerne composted 
with monocalcium and diealcium phosphates 

separately. ; , , . 3 x 1 

2. These phosphates are soluble in water, neutral 

in reaction, and possess colloidal properties. 
remain in a highly dispersed state in the soil and 
have been shown to be more available to plants 
by water culture experiments than the inorganic 
phosphates of phosphatic fertilizers used in 
ordinary farm practice, which are generallv in- 
soluble or eventually become so on reacting with 

soil bases. .. . , , 

3. The beneficial action ot these colloidal 
organic phosphates resulting from the combined 
application of phosphatic fertilizers with organic 
manures in soils is explained on the basis ot certain 
hypotheses mentioned in the paper, according to 
which, colloidal substances can serve as plant 
foods and the direct dissolution of plant food is 
rendered possible by the cell sap of root hairs. 
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AVAILABILITY OF SUPERPHOSPHATE WITH DEPTH OF ITS 
PLACEMENT IN CALCAEEOUS SOILS 

By S.Das, M.So. (Cal. & Alld.), D.Sc. (Alld.), Assistant Agricultural Cheimst, Imperial Agricultural 

Eesearch Institute, New Delhi 
(Received for publication on 19 June 1944) 


The past researches and the earlier work of 
Harrison and Das [1921] in this laboratory 
show that the soluble phosphoric acid of super- 
phosphate is retained in the surface layers of 
calcareous soils as insoluble calcium phosphates 
by chemical combination with the large amount 
of calcium carbonate normally present in them ; 
in consequence, the action of super is very localiz- 
ed, resulting in an uncertain and disappointing 
crop response to superphosphate in calcareous 
^ soils. Another contributory factor to this effect 
is due to the presence of 50 to 60 per cent of 
gypsum in commercial super, whose depressing 
action on the cropping of calcareous soils has 
already been shown by the author [Das, 1933]. 

Hockensmith, et al: [1933] studied the 
movement of phosphate in a calcareous soil by 
mixing a phosphate fertilizer with the surface 2 
in. of soil in 5 -gallon jars, and found the amount 
of phosphate leached through the soil to be 
exceedingly small. They also determined the 
effect of depth of placement on the availability 
of superphosphate in a calcareous soil by 
applying it at various depths in 5-gallon jars and 
found that the depth of application made a 
marked difference in the yield of alfalfa. 

Midgley [1931] found that applications of super 
6 in. deep gave 57 and 86 per cent more yields of 
grass and weeds respectively than the surface 
application. Similaily blue grass gave 46, 166 
and 149 per cent more yields by surface 3 in. and 
6 in. deep applications of super than no treatment 
of super. In the case of corn, sorghum and 
Sudan grass 110 to 167 per cent greater increases 
over control were obtained by 3 in. and 6 in. 
deep applications of super. He also found that 
under field conditions 60 to 100 lb. of P2O5 per 
acre as super applied on the surface are retained 
within the surface inch even after an interval of 
six months, 


As the surface application of the fertilizer is a 
common farm practice, it appears to be a serious 
obstacle in the way of an extensive penetration 
o4the soluble phosphoric acid of superphosphate 
into calcareous soils. It was, therefore, consi- 
dered worthwhile to discover some means which 
would render a more extensive permeation of the 
phosphate into the soil below the plough line and 
thus result in a greater proximity of the applied 
phosphate to the plant’s zone of absorption. 

Although calcareous soils round about Pusa 
belonging to the Indo-Gangetic alluvium and con- 
taining 30 to 40 per cent of chalk are particularly 
deficient in available phosphates, their response to 
superphosphate is often erratic owing to the 
operation of factors discussed above. The surface 
application of the fertilizer which is usually follow- 
ed in ordinary farm practice, accounts for this 
peculiar behaviour to a certain extent. Should, 
therefore, superphosphate be applied at different 
depths of such a soil, a variation in response is 
expected, depending on whether the crop grown is 
a shallow-rooted or a deep-rooted one ; this ob- 
servation may also throw considerable light in 
elucidating the problem of manuring these cal- 
careous soils, particularly with superphosphate. 

With this object in view, the present investiga- 
tion w’"as undertaken. 

A sample of calcareous Pusa soil containing 
about 33 per cent of calcium carbonate was collect- 
ed from a fallow plot for pot experiments in 1933. 
Pour pots of sinailar dimensions, e.g. 12 in. in 
diameter and about 22| in. high formed a group 
and received similar treatment. The pots con- 
tained 50 kilos of air-dry soil in each. A basal 
dressing of potash and nitrogen was given to all 
the pots at the rate of 80 and 100 lb. per acre 
or 40 and 50 mg. per kilo of soil as sulphates 
of potassium and ammonium respectively. 
Phosphate was applied to different 
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ler cent of moisture was mamtamed m tJie sou oi gram i g 

^ TablIe I 


The yield of mustard with the placement of superphosphate 


Treatment 


Super at surface 

4 in. below surface 

5 in. below „ 

12 in. below „ 

’! 16 in. below „ 


Replications 


29*6 
44 *5 
35* 9 
41*3 
37*1 


28*8 

45*2 

35*1 

36*3 

36*2 


31-2 

37*6 

38*9 

33*2 

30*0 


Mean 
yield 
in gm. 


23-6 

41*9 

34-5 

31*4 

31*8 


28*30 
42 *^,30 
36*10 
35 • 55 
33*78 


Percent- 
age in- 
crease 
over 
surface 
applica- 
tion 


49*5 

27-6 

25*6- 

19*4 


Mustard being a shallow-rooted crop, appears to 
derive for maximnni crop prodnction its requisite 
phosphatic nutrition from the soil where super 
has been placed 4 in. deep. 

After the harvest of mustard crop was over, 
4m soil borings of 20 in. deep soil from each of the 
treatments of super have If f- Ji^eX trelted groups of pots and also from a 

u,„t kigte yields o pSSyeutnd PnL soft wkiSh ..tved us thu »n- 

application. Tmther, the Jifferences m mean p taken from the surface 


Standard error for comparison of “san yields by 

Fisher’s [1932] analysis of variance — ^ 

Critical difference for P=1 per cent = 7 - 03 
Critical difference for P=5 per cent - 5 OB 

From Table I it is evident that_ all the ^deeper 
treatments of super fave Produced 19A^^ 50 pe^ 


vLms of grain between surface and every othOT 
treatment of super are ^highly significant 
being greater than the critical value of difference 
for one per cent level of significance in ewi’y c®-®® 
except the L6 in. application, where lio^s 5 
per cent level of significance. Super placed 4 m. 


trol for comparison were taken from the suriace 
downward. As these pots were_ watered tor 
about four months during the period of growing 
the mustard crop, the super applied to the pots 
could leach downward, if possible. These soil 
samples were examined for total phosphate m 


li Tmt lever of .ignitoB»,. SoP^ SeoyTr tSTpriri i«Iy do™rd 

"“£^"Sd'‘Sn ”3 oSpho.pka.5 W ’^Tke ...ulte 

SStlent ■ triS. Among the last three treatments obtained are given in Table II. 
there is no significant (difference of mean yields. 

Table II 

m , 7 T,r>^mhate contents of 4 in. soil borings from pots where superphosphate was applied to different 

untreated Pusa soil 


Treatment 


Ilontrol 

^upcr Q't surface 
4 tc. below 
8 im . „ 

■ „ 12 in. „ 

. .. 16 in,. „ 


Mg. total PjOs per 100 gm. of soil 


0-4 

in. 

4-8 
• in. 

■ 8-12 ■ 

" iu,. 

,12-16 ;■■■ 
.'....in. 

16-20 

in.. 

104 

1(H 

104 

100 

104 

no 

101 

101 

104 

104 

101 

107 

99 

104 

104 

104 

104 

m 

101 

104 

104 

104 , 

104 

llo ' 

100 

104 

99 

104 

99 

107 
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Tko figures in italics in Table II show the 
higher concentrations of in the depths where 
super has been applied. At the other depths the 
concentration of P 2 O 5 is almost of the same mag- 
nitude as in the corresponding depths of the 
' control where no super has been applied. In 
other words, it never exceeds the limit of PgOg 
content in any depth of the control pot. The 
conclusion therefore emerges that phosphate 
does not leach downward beyond 4 in. from the 
depth of its application, but remains within the 
4 in. area of the depth of its placement in the 
soil. 


The foregoing cropping results were secured 
with a (winter) crop. Next it was considered 
worthwhile to obtain further confirmatory data 
with a kharif (summer) crop. For this puf|)ose 
pot experiments were conducted on similar lines in 
1934 with the same calcareous Pusa soil. Super 
was placed at 3, 6 , 9 and 12 in. below the surface 
soil. Ragi {Eleusine coracana) was -sown on 20 
June and the crop harvested on 5 October, 1934. 
The yield of grain of individual pots is set forth 
in Table III. 

From Table III it is evident that the differences 
in mean yields of grain between the suiface appli- 


Table III 

The yield o/ragi (Eleusine coracana) with the placefnent of super 


Treatment 


Replications 


Mean 
yield 
in. gm. 

Percent- 
age in- 
crease or 
decrease 
over 
surface 
application 

1 

2 

3 

4 

Super 

at 

surface 

48*7 

47-6 

44*9 

46 '1 

46' 83 



3 in. below 

,, . . . ' . 

40*4 

34' 9 

33' 9 

31 .4 

35' 15 

_25'0 


6 in. „ 


70-6 

63-9 

56 -e 

68*4 

67'38 

+ 44 0 

it 

9 in. „ 


59-7 

63*2 

60' 1 

61 'i 

61-28 

+ 30-9 

. 

12 m. „ • 


44- 3 

46*0' 

43 '9 

42*2 

44-10 

—5*8 


Standard error for comparison of mean yields by 
' FisheFs [1932] analysis of variances 1* 784 

Critical difference for P= 1 per cent— 5* 2^ 

Critical difference for P== 5 per cent = 3 • 

cation of super and super placed only 6 or 9 in. 
t deep are highly significant being greater than the 
critical value of difference even for one per cent 
level of significance. On the other hand, such 
differences in mean yields of grain between the 
surface and 3 in. or M in. deep treatment of super 
are negative, and consequently no profitable 
response can be expected on the application of 
super at these depths for a kharif crop like mpt. 
Super placed 6 in, deep produced the maximum 
crop and gave highly significant yield when com- 
pared with any of the treatments tried. Next 
came in order the yield from the 9 in. deep 
application of super. 

I Thus, the cropping experiments with a kharif 

I crop like ragi and a rabi crop like mustard have 
shown that the application of superphosphate 4 in. 
to 6 in. below the surface gives the maximum 
' ' crop production in calcareous soils. This may be 

easily effected by means of deep ploughing in 
ordinary farm practice. 

Summary AND general conclusions 

The present investigation was instituted to 
discover some means which would render a more 
extensive permeation of the phosphate into the 
soil below the plough line and thus result in a 


greater proximity of the applied fertilizer to the 
plant’s zone of absorption. In order to do this, I 

superphospha te was applied at different depths of ] 

a calcareous Pusa soil in two series of pots, in one 
of which mustard, a rabi (winter) crop and in the 
other ragi {Eleusine coracana), a kharif (summer) ii 
crop were grown. The cropping results showed m 

that the application of super from 4 in. to 6 in. 4 

deep gave the maximum crop production. 

After the harvest of mustard crop was over, 

4 in. soil borings from surface downward of the 
different groups of pots where superphosphate was 
applied at surface, and 4, 8 , 12, and 16 in. deep 
were examined for total phosphate contents. 

The results show'cd that phosphorus did not leach 
downward beyond 4 in. from the depth of applica- 
tion, but remained within the 4 in. area of the 
depth of its placement in the soil. This is fully in 
agreement with the observation of other workers. 
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CONDUGTOMETRIC METHOD OF ANALYSIS AS APPLIED TO SOIL 

SUEVEY WORK 

III. THE ESTIMATION OE THE SOHUBLE SULPHATE AND CHLORIDE CONTENTS 

OF SOILS* 

By R. C. Hooh and A. D. Pathak, Soil Sui-vey and Cement Testing Laboratories, Moghalpnra (Lahore) 

(Received for publication on 23 August 1944) 

(With one text-figure) 


The soils from areas subjected to arid climatic 
conditions contain sokibie salts in varying deg- 
rees. The main salts present in the alluvial soils 
of the Punjab are sulphate and chloride of sodium. 
Por characterizing such soils it is necessary to 
determine the total soluble salts and at times the 
exact proportion of the main salts present. The 
analyses are usually done with water extracts of 
soils which are prepared from soil suspensions of 
definite soil-water ratio (one part of soil and five 
parts of distilled water are usually einplo^^od) 
after shaking them for some time and extracting 
the suspensions with Houston pump. The chlo- 
rides are estimated voiumetrieally and, unless the 
soil extracts are coloured, that work does not 
present much difficulty. The usual method of 
estimating sulphates gravinietrically is, however, 
fairly tedius and time consuming. A quicker 
method for such analysis and capable of use in the 
field would be extremeh^ helpful for workers 
engaged in soil survey work. The present paper 
describes a method based on the conductometric 
principles for such analysis. 

Pbevioits wobk 

Britton [1934] describes a number of methods 
used for conductometric analysis. The majority 
of these are based on the use of alternating current 
in the equipment to avoid polarization effects. 
The oscillating thermionic valve is most commonly 
employed, the advantage being that the fre- 
quency of the A.C. can be varied at will to suit 
experimental requirements. Callan and Horrobin 
[1928] used tlie carborundum crystal detector in 
place of the thermionic valve in the circuit, thus 
simplifying the equipment for conductometric 
analysis considerably. Following their suggestion, 
Hoon [1932] contrived a simple equipment for the 
conductometric estimation of sulphate and chlo- 
ride contents of soils. Although the method w^as 
fairly quick and simple it wars primarily suited for 
use in the laboratories or places where electric 
current was handy to drive the commutating 
arrangement employed therein. 

* For Parts I and II of this series please refer to serial 
numbers 3 and 4 of the references given at the end of 
the paper 


Some equipments for conduetoiiietric analysis 
involve the use of direct current. ■ Puri and. 
Anand [ 1937 ] suggested an equipment for deter- y 
.mining the salt content of soil suspensions in wh.ich 
a high tension dry battery -was employed for direct 
cuiTeiit. The Bionic Water Tester, ano.ther 
convenient outfit present in aimost every soil 
laboratory for nneisuring the salt eemtent of 
solutions, water samples, etc., also involves the 
use of direct ciiiTent. Hoon, Malhoutra and Jain 
[1939] adopted Bionie Water Tester for determin- 
ing the ])e.reentage salt content of soils. 

The use of the Bionio Watee Testee 

As the Bionic Water Tester yields an almost 
constant potential of about i0()±0-25 volts for a 
few seconds it was considered of interest to exa- 
mine the possibility of employing this mstrument 
for the condiietomotric titration work. Rae 
[1931] enqiloyed the Bionic Water Tester for ^ 
titrating acids and alkalies by taking incon- 
venient volumes of the iV’o solutions of deeinormal 
strength. No refercjicc, however, had come to 
our notice of the use of this apparatus for titration 
of solutions involving preeipitarion of any of the 
produe ts of roa e t ic n . A s this a,]jpa ratii s ii a d been 
adopted.for the detca'mination of the percentage 
soluble salt contents of soils a^i attempt was made 
to see if it could als<.> be used for the conducto- 
metric titration of the sulphates and chlorides in 
the water extract of soils. 

Betails of the present method 
(a) Equvi>n(Cnt 

The main requirements are the conductivity 
meter, the armngcmenl of movable and fixed 
electrode complete with ficxible lead bid w'ithoiit 
the outer glass container and a wide mouthed 
bottle of, say, four ounces capacity to serve as a 
vessel for carrying the titration. Bottles Nos. 

2410 and 2412 (x4. Galienkamp & Co., Ltd: 

Catalogue for laboratory af>paratus and ecpiip- 
ment, 11th Edition) are very convenient for the 
latter purpose. Somewhat bigger length of the 
movabio electrode, than the one originally fitted 
in the standard form, was employed. This simple 
alteration was found very lielpfui in us miudi as it 
made possible the titration of even solutions with 
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very low condiietivitie?. A standard longtli 
of the electrode or of the glass separator tuhe wm 
not necessary for our persent work as we required 
only comparative and not abBoIute values of 
conductivities. 


extracts are graphically represented in Fig. 1, 
and show that kinks representing the end i^oiaita 
are clearly obtained. 


(6) Titration technique ^ 

A known volume of the soil extract is taken in 
the wide-mouthod bottle and neutralized with 
standard HCl using methyl orange as indicator 
to decompose carbonates, bicarbonates, etc. To 
avoid the dilution effo-.-t, the initial quantity of die 
extract is so chosen as not to use more than 2 c. c. Q 
of the precipitant. A preliminary qualitative 
test with barium chloride solution is found helpful ^ 
in deciding the point. The volume is made to 
100 c.c. with distilled w^ater and its conductivity J 
noted. Seminormal solution of barium nitrate is t so®, 
then added from a small sized burette, reading | 
preferably to 0*05 c.c., in lots of 0*2 e.c. or less I 
each time. After each addition of precipitant the ^ 
bottle is stirred vigorously to precipitate out 
barium sulphate as completely as possible and the 
conductivity of the solution is noted after shaking 
each time till a constant value is obtained. In 
the course of the titration a stage is invariably 
reached when the conductivity suddenly shoots ^ 
up indicating that the whole of the sulphate in the £ 
solution has been completely precipitated and 
free barium nitrate is present in excess. When 
this point is reached two or three further small. 
additions of the precipitant are made and the 
conductivity of the solution noted after each 
addition. The conductivity values noted during 
the titration are plotted against the volume of the 
precipitant added each time. The curve thus 
obtained manifests invariably a kink which cor- 
responds to the end point of the reaction. 

The conductometric estimation of the chloride 
content of the soil extracts is done on lines similar 
to those described for estimation of sulphates 
except that the initial neutralization of the alkali- 
nity of the extract is done with standard nitric- 
acid or sulphuric acid and the standard solution 
of silver nitrate is employed as the precipitant, 

As the precipitation of silver chloride iji this case 
is immediate no" vigorous shaldng, as required 
in the case of siilphat<'‘ titration, is necessary. 



SO^L 



Graphic REimESEHTATioK of the results 

Using the preseait toehniqiu^ curves were oblain- 
f-d for the titration of standard solutions of sodium 
sulphate and sodium chloride with barium nitrate 
and silver nitrate rcspCK tivoly. These were 
analogous to those obtained by other methods. 
The results of titration of sulphates in soil 


cc 


9-1 0-4 0*6 t*0 


|.4 t-6 t-Q 3t‘0 


A curious difference was noticed in the nature 
of the titration curves obtained with pure salt 
solutions and soil extracts. While in the case of 
the former there is no change in conductivity 
until the end point, in the case of the latter the- 
conduetivity changes constantly. The explana- 
tion that can be offered for this discrepancy at the 
present stage of this investigation is that it is due 
to some peculiar soil factor affecting the extract. 
A strong support is lent to this vi ew by the observa - 
tion that sodium sulphate when added to a soil 
extract containing initially fittle sodium sulphate 
gives a titration curve analogous to that of soil 
extract given in Fig. 1 . The exact nature of the 
soil constituent causing this discrepancy is under 
inTestigation. 

To compare the results of sulphates in the 
water extracts of soils the estimations were done 
for a number of soils both conductometrically 
and gravimetrically. The results are given in 
Table I and comparison between the percentage 
sulphate content as determined by the iwo methods 
is very good. 


Barium acetate solution as precipitant 

Britton [1934] suggests the use of the barium 
acetate solution as the precipitant for the con- 
ductometric titration of sulphates. It w^as tried 
with the present technique also. The curves 
obtained were similar to those obtained by oth^y 
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[XV 



Sr. No. 

Percentage 
gm. of Nag SO 4 
estmiated gra- 
vimetrically 

-Percentage 
gm . of Nag SO 4 
estimated oon- 
ductivetically 

58 

0*61 

0*61 

59 

0-66 

0*65 

60 

0*64 

0*60 

61 

0*62 

0*61 

62 

1 0* 65 

0*64 

63 

0.80 

0*82 

64 

0.89 : 

0-82 

65 

0.98 

0*88 

66 

0.97 

0*89 

67 

1.03 

0*96 

68 

1.33 

1*49 

69 

1 * 23 

1*28 * .. 

70 

1*44 

1*37 

71 

1*39 

1*34 

72 

1*05 

1*01 

73 

1*35 

1*31 

74 

2*90 

2*84 ^ 

75 

2*84 

2*76 ^ 

76 

2*91 

3*01 

77 

2*44 

2*33 

78 

3*12 

3*05 




methods. Here, due to the low mobihty of 
CHoCOO’ ion, the angle of intersection between 
the two parts of the curve is smaller and thus the ^ 
indication of the end pomt is clearer than in the ; 
CRS6 of barium nitrate. I 

SUMMABY 

A technique of conductometric titration of 
sulphates and chlorides in the water extracts of 
soils based on the use of the Dionio \^ ater Tester 
equipment has been described. The method is 
extremely simple and the outstanding advantage 
is that it does not require the use of any electric 
mains, battery, etc. and, therefore can bo used 
both in the laboratory and the held. 
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.STUDIES OK THE PALSE-SMUT DISEASE OP PADDY ^CAUSED BY 
USTILAGINOIDMA VIBENS (GKE.) TAK. 

By L. N. Seth, E.So., Ph.D. (Lohb.), DXC., Mycologist, Burma 
(Beceived for publication on 13 September 1944) 

The false- smut disease of paddy caused by Cultural studies 

JJstilaginoidea virens (Cke.) Tak, occurs all over ^ r 

Burma but ordinarily does not cause any appreci- Germination of tke spores 

able damage sufficient to warrant treatment. In Fresh sclerotial bodies were obtained from the 
the year 1935 the disease appeared in a serious epi- farms at Hmawbi and x^Ianclalay for the study of 
demic form at Hmawbi and the surrounding the germination of spores. The spores were trans- 
tracts. Elsewhere the disease was sporadic and ferred by means of a sterile needle into a tube 
the loss negligible except at the Agricultural Sta- containing melted plain agar mediiini at 45 ""C. 
tion, Alcyab. " The tube was then well shaken and the contents 

At Hmawbi, where detailed investigations were pdhred into a petri-dish and stored at laboratory 
carried out, it was found that the chief centre of temperature. 

infection lay in the Agricultural Farm where, in At the end of 24 hr. when the dishes were exa- 
some of the plots, not a single plant free from the . mined it w^as found that about 10 per cent of the 
disease was found and the number of grains in- spores had germinated each producing a sliort 
fected in these plots amounted to about six per unbranched germ-tube. After another 48 hr., 
cent. In the surronnding cultivators’ areas the the germ tubes w^’ere found, profusely branched 
intensity of the disease was slightly less but and septate and bearing clusters of small pear- 
farther away it was practically neghgible. shaped hyaline conidia at the tips. These se- 

In the year 1936 the disease again appeared condary conidia were formed both terminally 
but in a milder form and in 1937 the amount of and laterally at the hyphal tips. The germination 
infection was extremely light. From 1938 to of the spores wa# limited to this extent in plain 
1941 the disease did not cause"any anxiety. agar medium, but when the branched germ-tube 

along with the secondary conidia was transferred 
Description OF THE DISEASE tube containing Quaker-oats medium it 

The fungus attacks the ovaries and transforms renewed its growdh and in a f aw days’ time pro- 
them into large roundish green masses which may duced a white fluffy felt-like mycelium. The 
be about twice the diameter of normal grains, mycelium continued its growth and after about 
The glumes remain unaffected. In each panicle three weeks produced many white, compact, 
only a few grains irregularly distributed, are almost round, sclerotial bodies. The sclerotia 
usually attacked. On cutting a cross section of later on turned orange-yellow and finally oiive- 
an affected grain, it is seen that the central portion green in colour and became slightly powdery in 
consists of a white compact mass bounded by an appearance. On examination they were found to 
orange-yellow zone and surrounded by a powdery correspond closely to those obtained from the host 
dark green layer. plant, in having a central white portion of compact 

The young ovary is attacked by the fungus at hyphae bounded by an orange-yellow zone and 
an early stage of its development and in 10 to 15 finally surrounded by powdery oHve-green layer 
days after the opening of the flower it is trans- consisting of mature spores. The spores obtained 
formed into a hard sclerotial mass covered over "from these bodies germinated in the usual way and 
with a green powder which consists of spores. The produced sclerotia. 

centre of this structure is composed of a pseudo- When a suspension of secondary conidia in 
parenchymatous tissue but towards the peri- plain agar was plated, they wore found to germi- 
phery the hyphae have a radial arrangement, nate in very much the same way as the parent 
The spores are formed laterally on these radial spore. They became slightly swollen at first, 
hyphae. The youngest spores are almost colour- then produced branched and septate geian-tiibes 
less and are found on the hyphae near the base, bearing clusters of small pear-shaped Irfaline 
Farther out the spores a.re orange-yellow in colour cOnidia at the tips. These tertiary conidia were 
and near the surface, where the}?' are quite, mature, slightly smaller and their germ hyphae narrower 
they are dark olive green. The fully formed and sparsely septate when eonipai’ed with, those 
spores are splierical with a granular c()ating. obtained from the xuirent spores. Wiioii the germ 
They measure from 4 to 6 /mn diameter. hyphae along with the tertiary conidia were 
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transfexred to tubes containing Quaker-oats me- 
dium the usual sclerotial bodies were obtained. 

Sclerotia were obtained repeatedly m the 
laboratory in cultures made during the montM 
November to February. There was no sclerotial 
formation in cultures made during March to 
August and the growth of mycelium was also not 
typical, being mainly flat and devoid of any 

aerial tiypliae. r* n • . 

Literature dealhig with the study of this fungus 
Ustilaainoidea virens {Cke.) Tak. is very scany 
and it appears that so far only one previous in- 
vestigator, Brefeld [1895], had succeeded in obtam- 
.«clerotia and ripe spores in cultures. Fulton 
[1908] and Butler [1913], in spite of their repeated 
attempts, failed to get sclerotial masses hi eult^e. 
This failure may possibly have been due to then 
incubating the cultures at comxiaratively high 
temperatures. 

Growth in relation to temjwrature 

Petri-dishes containing Quaker-oats medium 
were inoculated with smaU pieces of 
according to the teclinique followed by fieth [lu34] 
and incubated at different temperatures. Four 
dishes were used for each temperature, ihe 
radial spread of the fungus was measured Pfioai- 
cally. The final measurements taken alter 
days' of growth are given in Table I. 

it wiH seen from Table I that the fungus fails 
to show any growth at 34°C. The optimum 
temperature appears to be in the vicmty of ib L. 
When the plates incubated at 34 0. and 37 L. 
were transferred to lower temperatures, no growth 
took place, indicating that the fungus had been 
killed by prolonged exposure to these tempera- 
tures. 

Longevity of the spores 

Sclerotial bodies of the fungus from Ngasein 
type of paddy were collected at Hmawbi during 
the first week of December 1936 and stored at 
Mandalay in glass tubes at laboratory tempera- 
ture. The spores from these were [jeriodically^ 
examined, by growing them on plain agar inediunT 
to find out how long they could remain viable. 
The results obtained are given in Table II. 

It will be noted that the spores can remain 
viable up to a period of only about 8 months 
from the time of then formation. 

Germination of sclerotia 

(i) In order to study the germination of the 
sclerotial bodies, four glass troughs filled with soil 
obtained from a ]jadcly field at Mandalay and lour 
filled with sand were taken and the sclerotial 
bodies sown in these at a depth of about one inch. 
Two troughs containing paddy-field soil and two 
containing sand w'ere flooded with water once a 
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Table I 

Groicth in relation to temperature 
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Tempera- 

ture 

Radius of 
the colony 
in mm. 

1 

Eemarks 

37 


Ko gro^vth 

34 


No growth 

32 

i6*5 ! 

Mycelium fiat, not typical 

30 

19*75 i 

Mycelium flat, not typical 

29 

23-0 

Myceliiun mainly flat, very 
slight aerial growth, not 
typical 

28, 

23-0 

Myceiiimi mainly flat, .very 
slight aerial growth, not 

typical 

26 

25-0 

Mycelium wh,ite fluffy, typical. 
Sclerotia and spores formed 

22 

21-75 

Typical growth, tendency to- 
wards formation of sclerotia. 
Sclerotia and spores ■ formed 



seven days later 


Table II 

Longevity of ike spores 


Date on which cultures 

Remarks 

made 

22 Deo. 1 936 * 

Spores germinated , ■ 

6 Jany. 1937 

Spores germinated 

11 March 1937 

Spores germinated 

so June 1937 

Sisores germinated 

4 Aug. 1937 

30 Aug. 1937 

6 Sept, 1937 

Spores germinated 

Spores failed to germinate 

Spores failed to germinate 


WetJK I'U 

The remaining troughs \v(.u‘e watered sviienever 
the contents in them had drk‘d. Sclerotial bodies 
were sown on 3 January lOSba Six months 
later each sclerotial body was foiind to have been 
reduced to a dark powdery mass corisisting ob 
spores only and there was no indication of the 
production of any ascus- bearing structure, these 
spores foiled to germinate in nutrient media in 
spite of repeated attempts. 

(ii) In another method, small pieces ol the cen- 
tral white compact tissues of the sclerotial ho(Uc*s 
were transferred to Quaker-oats medium. Tlie 
procedure ado])ted was as foll(,>ws : 

Sclerotial bodies Avere dip]>ecl in a 0*1)1 per cent 
mercuric chloride solution (‘ontaiihng a siiiai! 
quantity of etliyl alcohol for uiu‘ minut(‘ am! tlum 
repeatedly washed with stc‘riie distiiU*d water. 
These w'cre then placed in a glass disli containing 
sterile wu'iter and cut in tla^ form of small (lisc‘S 
by means of a sterilized scal[)el. (Vntrai tissues 


55 



1} , SUGAECANE VAEIETAL, TEIALS IN. .THE DECGAN CANAL TEACT it 


from these discs were then cut out and transferred 
to tubes containing Quaker-oats medium and 
incubated at the laboratory temperature. 

Growth commenced on the 3rd day and in 
another three weeks’ time, many typical sclerotial 
bodies developed. ISTo ascus- bearing structures 
appeared though the cultures were kept in the 
laboratorj^ for a period of oven three months 

Inoculation experiment 

In order to find out if the disease could be re- 
produced under field conditions, the inoculation 
of flowers just at the time of opening and of the 
grains in the milk stage was carried out at the 
Mandalay Farm. The method consisted of 
inserting the spores within th e glumes by means of 
a sterilized needle or sj)raying with a suspension 
of spores in sterilized water. The spores of the 
preceding year, fresh spores as soon as the^^ could 
be obtained and spores obtained in cultures w^'ere 
used. Some of the flowers after treatment were 
enclosed in tubes and some left exposed. The 
total number of flow^ers and grains thus treated 
was 2109. The inoculations were carried out 
during the third week of November, 1936. At the 
time of the examination in January, 1937, it was 
found that the majority of the inoculated seed had 
matured quite normally and all were free from ^ 
infection. 

Another experiment was carried out in pots. 
Seed of Ngasein paddy (C 24-71 type) w'-hich is 
known to be very susceptiblfe to the disease, was 
obtained from Hmawbi. The seed w^as sown on 
4 September 1937, after receiving the following 
treatments: 

{a) Seed dusted with fresh spores obtained from 
Hmawbi Fai’m. 


(6) Seed dusted with spores obtained in ciiltures. 

(c) Untreated seed. 

On 4 Januarj^ 1938, when the final examina- 
tion was carried out, it w^as found' that all |.)Ia.nts 
had matured normally and all remained free 
from infection. 

Summary 

1. The fungus attacks individual paddy gram‘s 
and transforms them into large green round 
masses W'hich may be about twice the diameter 
of normal grains. 

2. The spores on germination in cultures give 
rise to sclerotial bodies closely resembling those 
found under natural conditions. 

3. The optimum temperature for the growth of 
the fungus is in the vicinitj^ of 26°C. Prolonged 
exposures at temperatures above 34°C. kill the 
fungus. 

4. The sjDores can remain viable up to a period 
of only about eight months. 

5. Sclerotial bodies failed to produce any ascus- 
bearing structures. 

6. Inoculation of flowers aiid of the grains in the 
mfik stage failed to produce infection. ■ Seed 
dusted with spores produced normal and disease- 
free plants. 
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SUGAECAXE VARIETAL TRIALS IN THE DECCAN CANAL TRACT 

II. PERFORMANCE OF VARIETIES IN DIFFEBENT PLANTINGS AND RATOONDSTG 

By R. D. Rbge, B.A., M.Sc. (Bom.), Ph.D. (Lond.), A.IJ.Sc., Crop Physiologist and Principal Agri- 
cultural Officer, Sugarcane Research Scheme for Deccan, Padegaon, and N. B. Patwaedhan, 

B.Ag. (Bom.), Agricultural Of&cer 

(Eeceived for publication on 8 November 1944) 

In the canal tract of tl:e Bombay Deccan, it is vators are able to secure higher prices for their 
customary to plant cane at different times of gul and the factories to extend the duration of the 
the year. Generally there are three w^ ell defined milling season by starting the w.rking of the 
periods of planting, viz. (1) or post season- factory, early. It was, therefore, considered 

al planting starting in June, (2) Pre-seasonal essential to conduct trials of some of the improved 
starting in October, and (3) Sum starting in varieties selected previously [Vagaolkar and 
January. The main re son for the introduction Patwardhan, 1940] at these plantings in order to 
of the first two types of plantings is to secure find out their suitability. Simultaneously, the 
higher cane tonnages by lengthening the period of ratooning power of these varieties as well as the 
growth. Further as they come to maturity and best planting suitable for ratooning was also 
harvest earlier than the January planting, culti- tested by ratooning these plantings. 
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Mateeial and method 

Five promising varieties—Co 360, 407, 408, 413 
and 419 were grow^n in these plantings of July, 
October and January in a split plot design of 
layout with plantings as main plots and varieties 
as siih-plots. :The replications were three and 
the experiiiieiit wns conducted for a period of 
three seasons,' plantings being, done during the 
.first week of the .month in each case. 

The basal manuring was common to all the 
plantings and consisted of 30,000 lb. of compost 
prepared mainly from sugarcane trash and 100 
ib.ofPa^Q ill the form of superphosphate. As 
regards nitrogenous topdressings, July planting 
received 300 lb, N in the proportion ol one of 
sulphate of iimmoiiia to two of ground-mit cake 
while other plantings received 225 lb. N in equal 
proportions of these ingredients. Harvesting was 
done when the maximum brix and purity were 


attained in each planting, which took about 17 
to 17| months for July planting, 14 to 1^ 
months for October planting and 13 to 13|- 
months for January planting from the date of 
planting. All these plantings were ratooned after 
the harvest and the ratoon crop received a 
common dose of topdressing of 225 lb. N in equal 
proportion of sulphate of ammonia and ground- 
nut cake. 

Peesehtation of data 
Combined plantings 

(1) Germination. The final germination counts 
which are taken at the end of six weeks in the 
July and October plantings and at eight weeks in 
January planting are given in Table I, The 
seed rate in all these plantings was 10,000 three- 
budded setts per acre. The figures are given as 
average of three seasons as the trend from year 
to year has been praoticaliy similar. 


Table I 

FiTial germination counts 
(Area one cent) 
(Average of 3 seasons) 


Timo for planting 

Co 300 

Co 407 

Variei 

Co 408 

ties 

Co 413 

Co 419 

j 

Mean 

for 

plant i rig 

July 

1 ' ' ^ ' 

t 173’^' 

214 

203 . 

243 

2.18 

210 

(Jetober ...... . 

' 160 

197 

140 

213 

202 

184 

January . . . . . . 

179 

2(51 

221 

241 

238 

.228 

Mean for vndetie.s f . 

171 

224 

1 90 

232 

219 



’‘'‘C.D. for any two treatnients 10*2 for means for plantin; 

Plantings are quite significant, tlie order being 
January, July and October, tlie hist showing the 
least gei’inination in the case of all the varieties. 

This is surprising as both from the standpoint cf 
temperatures and the nature of the planting mate- 
rial both the latter plantings liave been in a fovour- 
abie position. Tlio planting material is obtained 
from a crop . 12 months old in the- case of each 
planting and as such it would consist of more im- 
mature canes in the case of July and October 
plantings. So also the minimum temperatures 
throughout the period of germination in both 
these plantings remain higher tlian 50''P. and as 
such are in fact favourable to rapid germination 
[Rege and Wagle, 1939]. Tlio fail in total 
germination in both these plantings seems to be, 
therefore^, due to the soil conditions as affect- 
ed by rams. In the ease of July plantings rains 
which are received often during the period of 
germination vmuld keep the soil continuously 
moist and this is knowix to adversely affect the 


7*89 t (ID. for weans for varieties 5*93' . 
germination. In October planting it is diffi- 
cult to seenro good tiltli owing to the obstruction 
to proper cultivation operations as a result of 
heavy rains in September. Both these adverse 
factors arc not experienced in tlio J iiuary plant- 
ing. These comparative studies in pianiings 
have thus (Uiablod one to got a proper estimate of 
the influence of soil on gcuanination. 

. ■ As regards the varieties, Co 413 has given the 
best germination and Co 360 the worst, the other 
varieties being intermediate, Co 408 sc.^eins to bo 
more susceptible to the soil conditions than others. 

(2) Tillerhtg and borer counts. During the tiller- 
ing phase periodical records have bec^ii kept of the 
plant population and the borer affected plants ; 
but for the limitations of space only tho figures at 
the time of earthing, which represi;nt the maximum 
number of living plants, are given in Table II 
with the figures of total percentage of borer 
damage during this period. In addition the 
figures are given of the canes at harvest and their 
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percentage success OD the maximum population.'" all the plantings. There is still, however, a 
Ail the data are the average of^ three .seasons as mortality of shoots after earthing which is greater 
although some seasonal fluctuations are evident in -the 'October and January plantings as is evident 
the trend from-, season to season has been'practi- from the figures of percentage success _ both at' 
cally similar both in the case of the varieties and. two months after earthing and at harvest. The 
plantings. former figures of percentage success show that this 

The shoots at earthing represent the maximum mortality is mainly due to the smothering of small 
tillering capacity in the varieties which is the shoots by the operation of earthing and it is evi- 
highest ill Co 413 and the lowest in Co 360 of all dent that siieh small shoots, are more in the 
the varieties under experimentation. Among the October and January plantings than in the July 
piantingvS, these shoots arc low in Jilly planting one. As regards the borerdainago there is nothing 
as compared to- other plantings ' which 'is mainly much to choose between the varNfics. Only 
due to the heavy damage of borer in this planting, Co 419 and Co 407 have given some indicatioiiB 
of which all the figures are exclusive. In spite of lownr susceptibility than others. It woiiid, 
of this smaller number of slioots at earthing, the, how'ever, be possible to reduce its depredations 
Jiiiy planting has given the highest number of to a very great extent by adjusting the plantings, 
canes at harvest (Table III)' which is contrary to {3)' Harvest data. These are given in Table III 
expectations a.e after , the operation of ' earthing as. average of three seasons. The^re is ,.a s.ignifi,caiit . 
t'lie damage, of stem , borer is found to be rare- -in . fallin, cane, tonnages from July to January plantings . 

Table II 


Developmeyital data 

{The figures of counts are reduced to ove cent a^rea) 

(Average of three seasons) 


. 

Co 360 

Co 407 

Co 408 

Co 413 

Co 410 

Mean 

for 

planting 

' July' planting 
(i) Shoots before earthing . 

517 

749 

; 797 

1143 

66() 

772 

(2) Per cent success — after 2 months — on (1) . 

90- 1 

85*4 

vHO'2 

79*4 

83*7 

83-8 

(3) Per cent success at harvest or* (1) 

76-6 

66*6 

00*3 

43 *6 

68*3 

63*0 

(4) Per cent borer attack .. - . • 

20-2 

10* I 

,20- 6, 

16*1 

12*8 

15*9 

October planting 

(1) Shoots before earthing . , . . 

669 

934 

873 

1385 

875 

927 

(2) Per cent success— after 2 months- — on (1) . 

72*4 

47*6 

■ 49*7 

34*1 

53*4 

6I-4 

(3) Per cent success at harvest on (1) 

68*60 

44*83 

46*34 

31*67 

60*62 

48*3 

(4) Par. cert borer attack , . . . . 

2*1 

1*4 

1*3 

1*3 

10 

1*4 

January planting 
(1) Shoots before earthing , 

466 

970 . 

847 

1184 

: 

849 

863 

(2) Per cent success — after 2 months — on (1) , 

73*1 

42*5 

49*0 

43*1 

53*5 

• 62*2 

(3) Per cent success at harvest on (1) 

61*31 

36*91 

43*23 

32*99 

47*33 

44*36 

(4) Per cent borer attack . . . . 

7*0 

5*2 

6*9 

4*4 

6*5 

5*8 

M ean Sot varieties 
(1) Shoots before earthing . 

617 

884 

'■83,9 . 

1237 

793 

854 

(2) Per cent success — after 2 months — on (1) . 

78*6 

68*5 

63 '0 

62*2 

63*6 

(52*5 

(3) Per cent success at harvest on (1) 

68*8 

49*41 

49*96 

36*05 

56*42 

51*88 

(4) Per cent borer attack .... 

9*8 

6-6 

9*2 

7*3 

6*8 

7*7 


^ So far as the October and January plantings three plantings practically flower at the same 
are concerned, the higher tonnages in the former time according to the characteristics of the varieties 
are entirely due to the longer period it gets for and as a result the earlier plantings of July and 
development .as nitrogenous topdressings were October get a longer period for development than 
the same in both these plantings. Flowering is the January one. In the case of July planting, 
definitely seasonal invariably occurring some the increase in yields over the other plantings 
time during the months of October and November cannot, howeter, be entirely attributed to the^ 
according to the inherent characteristics of the longer period of growth as there has been an, 
varieties. It has been thus observed that all these increase in nitrogenous topdressings by 75 lb. N, 
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tiie being 300 lb. K against 225 lb. in other 
planthigs. ^ ■ 

Althougii tho nimiber of canes at harvest dias 
shown siiniiar gradient as in cane tonnages in 
these plantings, the increase in cane tonnages in 
July planting cannot be entirely ascribed to the 
higher number of canes, as weight per cane is 
also definitely higher. In the case of the other 
two plantings the higher tonnages in the October 
planting is mainly due to laiger of canes. 

In fact the first three varieties in this planting are 
showing a slight reduction in w^eight per cane 
than that in January planting. This low figure 
for ^veight per cane in this planting in spite oi 
longer period available? for growth clearly indicates 

Table 
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that the system of manuring in both these. plant- 
ings with equal quau titles of nitrogen is , not a 
correct one and it would be necessary, to', give a 
higher quantity of nitrogen in the October plant- 
ing than in the January one. Higher doses; of 
nitrogen however leads to lodging of the .crop 
specially ,ih'. early plantings. In the case of July 
planting, for instance, lodging is observed -from 
May onwa.rds wlien the wind velocity increases 
and in one such experiment with 1000 lb. 'N more 
than 50 per cent, of the crop was .damaged due to 
driage, rat attack, etc., after lodging .in the;. case of. 
Co 419 eventually encouraging production of water 
shoots. In general it is' estimated that in the 
canal tract as a wliole, the loss in the tonnages in 

III ’ 


Harvest data 


I'li 


— — 

Co 360 

Co 407 

Co' 408 

Co 413 

Co 419 

'Mean for 
planting 

•July planting 

4:9 '9 
39,600 

49-8 

n 

60-3 

58- 6 

66-4 

''57*0 ' 

(i) Weight of canes in tons per acre . 

49,800 

48,100 

■l,9,90i> 

44,800 

46,400 

(2) Ko. of caries per acre . • • • 

' 2 -'55 

3*18 

3*32 

4-05 

3^22 

(3) Weight per cane in lb. . • ‘ ' 

19-12 

19*51 

19-70 

19*27 

20-59 

19-64 

(4) Brix at 1 / '5^0. « • 

16-58 

17-08 

17*38 

17*69 

17-60 

17-27 

(5) Sucrose per cent in juice 

12-41 

14-88 

13*36 

12-70 

13*01 

13*27 

(0) Fibre per cei t . ■ • • * 

11-5 

11*5 

12-3 

11-5 - 

12-0 

11*8 

(7) C. C- S. per cent . . • • • 


5*69 

7-21 

6*72 

7-97 

6-65 

(8) C. C. S. ii) per acre. . • • 

(9) Net profit Rupees per acre . . • 

605 

615 

862 

781 

984 ' 

770 

Octeher planting 

42-0 
39,000 
2* 52 

40 * 6 

49-3 

51 *4 ■ ' 

' 54*,9.'. . 

47-6 . 

( 1 ) Weight of canes in tons per acre, . 

41,900 

40,500 

43,900 

44,300 

41,900 

(2) No. of canes per acre . . . ■ 

2-31 

2-n 

2*75 

3-00 

2-54 

(3) Weight per cane in lb, . 

20* 38 

22*69 

21*10 

20*50 

21-20 

21-17 

(4) Brix at . • 

l}^-03 

20-39 

18*84 

18-99 

18-87 

19*02 

(5) Sucrose per cent ni juice 

13-65 

16*43 

1.5-36 

13*34 

12-64 

14-28 

(6) Fibre per cent . . • • • 

1^-5 

13-7 

12*8 

13*6 

13-3 

13*2 . 

(7) C. C. S. per cent . . • * * 

5* 25 

5*54 

6*27 

6*96 

7-29 

6-26 

(8) C. 0. S. in tons per acre . . . • 

(9) Not profit Rupees per aero . . 

592 

640 

756 

869 

921 

756 

i ■ .', 

, . January planting 

36-0 
■ 28,500 
• .82 

39 • 1 

42-8 

46 • 7 

48-.5 - .. 

42-6 

(i) Weight of canes in tonff per acre 

35,800 

36,600 

39,100 

40,200 

36,000 , 

(2) No. of canes per acre . • • . • 

2*36 

2-55 

2*59 

.2-82 

2-63 

(3) Weight per cano in lb. . 

20-83 

18*17 

22*77 

21-77 

21*02 

20-65 

21-60 

(4) Brix at 17*5'"0. . , • 

(5) Sucrose per cent in Juice 

20* 10 

18-80 

18-41 

18-96 

18-^9 

11* 98 

15*95 

16-92 

14-55 

12-76 

14-43 

(6) Fibre per cent 

12*7 

13*4 

12-5 

12-7 ' 

13*2 

12:9. 

(7 C. C. S. per cent . • • • • 

4-70 

i * '■* ^ 

5 * 24 

5-33 

5 • 86 

6*39 

5-60 

(8) 0. 0. S. in tons per acre 

(9) Net profit in Rupees per acre . 

528 

j , i- T 

; 617 

i ' 

639 

715 

802 

658 ' 

Mean for varieties 

42*6 

3.5,700 

' ■ 4.3-2 

50*8 

52-2 

56*6 ^ 

1 ' 49*1 

(1) Weight of canes in tons per acre 

j. M 

^ ' 42,500 

i ’■ 2-41 

41,700 

44*3iK) 

43,100 

41,400 

(2) No. of canos per acre . . . • 

2*78' 

2-61 

2-89 

3*29 

i 2*8 

(3) Weight per cane in lb. . 

' 20-1 
17*59 

i ' ■ '21 *7 ' ^ 

20*6 

20-1 

2M 

i 20-7 , 

(4) Brix at i7'5°C. . • ■ • 

! 19*19 

18*34 

IB- 30 

18*48 

' 18-39 

{5) Sucrese per cent ir juice 

12-68 

; ' ■ ' 15--75' 

15*21 

13 -.53 

12-80 

13-99 

iO) Fibre per cent . , - • • 

12*2 

1 12-9 

i 12*5 

12-6 

12*8 

! 12-60 

il) C. 0, S. per cent 

K , O 

' ■ . 5 ,-. 49 

6-27 

6*51 

■ 7*22 

: 6*1*4 

( 8 ) C. C. S. in tons per acre . . • • 

(9) Net profit in Rupees per acre . 

.580 

j 624 

749 

788 

902 

-.728 


lil 

i:! 
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Table IV 


Periodical hr ix mid fniritp 

(Average of tHree years) 


I 

i ^ 



Mid- October 

I Mid-November 

j Mid -December 

Mid-January . ■ 

! 

¥ 

. . . Planting 

Brix at 
17*5°C. 

Purity ^ 
per cent 

Brix at 
5“C. 

Purity 
per cent 

Brix at 
17*5°C. 

Pui’ity 
per cent 

Brix at 
17-5°C. 

Puritj 
per cent 


Co 360 ' 

July ' 

18-5 

87*6 

18*3 

. 87*1 

18*3 

86*8 




October ' . ■ . . 

19-2 

88*0 

19*5 

88*9 ! 

20*5 

90*1 


1 88*8, . 


January ... 



16*9 

81*8 

•J8-7 , 

86*2 

19*9 


. Co 407 . 

July ' . * ' • 

20*2 

90*2 

19-3 

88-3 

19*8 1 

89*4 



■I’’ 

October 

19-1 

86* 9 

20*8 

89*3 

21*5 

88*6 

: 22*1 ■ 

ST* 7 

t' 

January 



17*7 

80*5 

20*6 

85*6 

f 

i' 

1 

Co 408 

July 

■' 17*7 

86*2 

18*8 

39*4 

i ' . 

1 19*1 

89*8 



. I'- 

■fe. ■' 

October 

17*3 

85*4 

18*8 

88*5 

20*4 

89*2 


8'!.* 4 . 

r 

January 



17*1 

84*1 

19*3 

88*0 

20*7 

■i 

Co413 

July 

18-3 

88*5 

18*6 

88*9 

19*4 

; 90*1 



't ■ 

October 

16*9 

85*8 

18* 7 

88*9 

20*4 

90*2 

■ . <» 



January 



16*9 

83*3 

18*9 

27*6 

20*2 

89*1 


Co 419 

July 

19-0 

89*0 j 

19-6 

89*4 

20*0 

87*7 ^ 




October . 

16*4 

81*4 I 

17*7 

84*0 

20*5 

89*2 



' 

January 

•• 

1 

i 

15*9 

78*1 

19*0 

84*8 

20*6 

86*3 


Table V 


Ratoon*>developmental data 

(The figures of counts are reduced to one cent area) 


(Average of three seasons) 




Co 360 

2 

Co 407 

3 

Co 408 

4 

Co 413 

5 

Co 419 

6 

Mean for 
7:)]anting 

7 

J' 

■ planting 

(1) Shoots at start . . . . 

367 

725 

550 

1176 

667 

699 


(2) Shoots before earthing .... 

488 

741 

672 

1085 

693 

'736 

f 

(3) Per cent success ol before earthing count 

63*7 

51*2 

56*7 

43*0 

54*0 

53*7. .. 


(4) Per cent borer attack .... 

9*5 

6-8 

6*9 

5-4 

6*7 


i 

October planting 

(1) Shoots at start . . . ... 

327 

566 

411 

991 

508 

559 

i 

(2) Shoots before earthing .... 

429 

53 i 

58l 

759 

551 

570 

(3) Per cent success on before earthing count 

70*1 

66*0 

62*1 

56*3 

64*9 

63*9 


(4) Per cent borer attack .... 

9*5 

6-8 

6*6 

4*5 

6*3 

6*7 

i 

January planting . 

{ 1) Shoots atjstart .... 

311 

547 

469 

945 

655 

.:585' 

S' 

(2) Shoots before earthing .... 

393 

559 

566 

961 

644 

■■■■.■■,,■■.625- ■' 


(3) Per cent success on before earthii.,g count 

69*4 

57.* 7 . 

64*9 

40*7 

...54*9 

:■ ..57*5 

1 

(4) Per cent borer attack . ' . 

10 *2 

7-4 

6*8 

- 5*1 

6-1 

7*1 

1 

Mean for varietie^s 

(1) Shoots at start . , • , • 

335 

609 

480 

1037 

. 610 

614 


(2) Shoots before earthing . . , / 

437 

610 

606 

935 

629 

644 


(’3) Per cent success on before earthing count 

67*7 

58*3 

61*2 

46*7 

57*9 

58*4 

1 

(4) Per cent borer attack • 

9‘7 

7*0 

6*8 

5*0 

6*4 

7*0 
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Table VI 
Batoon-harvest data 

(Average of tlire© seasons) 




1 

Co 360 

2 

"tj ■ ■ 

Co 407 

3 

00^408 

'4 

' ,Co 413 

,5 .^ 

' Co 419 

6 ■■ 

Mean for 
planting 

; Y 

July planting 

(1) Weight of canes in tons per acre 

29-35 

29-04 

.30-24 

■38-07 

! 37-63 

32-87 

(2) No. of canes jjer acre . . . . 

31,100 

- 37,100 

38,100 

36,700 

j , 37,400 

38,200 

(3) C. 0. S. in tons per acre * . • 

4- 26 

4-16 

3-98 

5 • 29 

1 5 * 43 

4* 62 

(4) Brixat 17-6'’C. . _ . 

(5) Sucrose per cent in juice . . • 

22-77 

23-17 

21-75 

22*03 

! 23 • 02 

22*55 

20-63 

20-97 

19-46 

20-01 

.20-54 

20-32 

(6) Fibre per cant in cane , . . • 

13-41 

16-35 

15-31 

■ 14- 82 

13*68 

■■ 14*71 . 

(7) Sucrose per cent in cane , . . 

16-55 

16-04 

15-04 

16-17 

17-36 

16-23 

(8) C. C. sugar per cent .... 

14-53 

14-23 

13-24 

13-83 

14- 27 

14*02 

October planting 







(1) Weight of canSs in tons per acre 

(2) No, of canes per acre . . . ‘ * 

30-17 

29- 14 

27-60 

39- 80 

. 34-64 

32-27 

30,100 

35,000 

36,100 

42,700 

,3.5,80(1 

35,900 

(3) 0. C. S. in tons per acre .*.■ 

(4) Brix at 17* 5®C. . * 

(5) Sucrose per cent in juice 

4-34 

3-75 

3-48 

5-42 

5-07 

4-41 

22-98 

21-97 

20-88 

21-72 

23-01 

22-11 

20-57 

19-35 

18-,56 

19-65 

20-75 

19*77 

(6) Fibre per cent in cane . . ■ . 

13-52 

17- {^7 

15-55 

14-88 

^ 13*61 

15-32 

(7) Sucrose per cent in cane 

16-92 1 

15-99 1 

15-31 

16-19 1 

i 17-23 

16-33- 

(S) C. C. sugar per cent . * • • 

14-35 ; 

1 

12-72 

i 12-53 

13-56 , 

14-59 

1,3- 55 

January planting 

1 

■ ■ ■. ■ [ 






(1) Weight of canes in tons per ^cre 

30-04 i 

27- (>l 

26-65 

39*21 ■ I 

34-08 

31-51 

(2) No. of canes per acre 

27,300 ! 

22,300 

36,700 

39,100 i 

35,300 

32,100 

(3) C. C. S. in tons per acre 

4-39 i 

3-85 

3-50 

5-21 ' 

,4-94 

4-38 

(4) Brix at 17 • 5°C. 

22-78 j 

23- 14 

21-64 

21-41 

22-87 ? 

22-37 

(5) Sucrose per cent in juice 

20-75 I 

20-83 

19-41 

19-46 ' 

20-57 . 

20-20 

(6) Fibre per cent in cane . 

13-75 j 

17-19 

15-88 

15-69 

14-27 ! 

15-S3 

(7) Sucrose per cent in cane 

16-80 i 

16-93 

16-11 

16*08 I 

17-13 i 

16-71 

(8) C. C. sugar per cent * . . • 

14-60 i 

13-80 

13-11 

1.3-32 i 

, .J 

14*38 ( 

..i 

13-80 

Mean for mrieties 

(1) Weight of canes in tons per acre 

. 

29-85 i 

28-60 

28-n 

: 

39-08 

■34-5 

32-22 

(2) No. of canes per acre .... 

29,500 : 

31,500 

37,000 

39,500 

36,200 

.35,400 

(3) C. C. S. in tons per acre * . • , 

4-33 i 

3-92 

23-65 

5*31 

5*15 

4-47 

(4) Brix at 17’ 5®G. . ' * • . 

22-84 ! 

22-76 

11 -42 

21-72 i 

22*97 

22-34 

(5) Sucrose per cent in juice ' . . , 

20-65 ! 

20-05 

19-34 ‘ 

19-71 I 

20-62 

20- 10 

(6) Fibre per cent in cane . * , , 

13-56 } 

16-87 

5*58 * 

15-03 ‘ 

13-85 

J5-I2 

(7) Sucrose per cent in cane 

16-76 

16-32 

15-49 ; 

16-15 1 

17*24 

16-42 

(8) C. C. sugar per cent • . . . 

14-49 ! 

1 

13-60 

^ { 

12-76 t 

J3-57 j 

14-41 

13-81 


the July planted crop of Co 419 "jv-ould be between 
20 to 25 per cent while . in the case of PO J 
2878 it is much less. In the case of the experi- 
ment under discussion in which the nitrogenous 
topdressing was much lower than what is the com- 
mon dose in this tract, the crop shows lodging 

Cane Canes 

^ tonnages , at 

/ harvest 

<LD. for individual treatments , 4*27 3040 

C.D. for mean for planting . 3*23 4157 

C.D. for mean for varieties . 2*71 ,1736 

with the heavy rains of September only and even 
then this lodging is not very severe except in th® 


case of Co 360. The actual damage to tonnage by 
lodging is found to vary between 5 to 10 pesr coat^ 
The lodging has further the deleterious effect 
on the quality of juice. In all these plantings 
harvesting is done when the cane shows very little 
further increase in brix and purity. The forix 
as well as the sucrose content is however much 
lessin July planting thanin others. The percentage 
C.C.S. which is a calculated figure according to 
Srivastaya's formula showy's a. fall of more than 
1 per cent in this planting, but owing to high mm 
toimages the C.C.S. per acre coined to be higher 
than in the other plantings. This increase m 
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! C-C.S. is however insigiiificaii.t as compared to adversely affected specially due to the borer 

; that iu October planting although in cane tonnage attack. The number of shoots both at start as 

the Jyily planting is quite significant. It is in- well as at earthing up is much higher in the case of 

teresting to note that for an increase of 9 *4 tons July planting than in others ; but this difference 

of cane per acre in July planting, the increase in is not so much reflected in the canes at harvest, 

f' C.C.S. per acre comes out to be oifiy 0-39 tons. In addition the average weight per cane is slightly 

In the case of October and January plantings the less in tins planting resulting in the production 

cane shows similar figures of brix and purity at of almost the same cane tonnages in the case of all 

the time of the attainment of maximum maturity the three plantings. As regards the quality of 

which comes up at a later stage in the January cane, there is some indication of the better per- 

; piantiag. It is only in the cane tonnages that the formance in the ratoon of July planting. The 

former planting surpasses the other and gives percentage fibre is low, which has shown a higher 

therefore higher sugar per acre than the latter, percentageof C.C.S. in this planting than in others. 

Among the varieties Co 360 which possesses The differences are not of sufficient magnitude 

I . a greater tendency to lodging, has shown lower to be significant. Among the varieties, Co 360 

I sucrose content than others even in other plantings seems to be the worst ratooner and Co 413 the 

I owing to lodging of some canes. The percentage best from the standpoint of the production of 

I fibre is low in the July planting as compared to shoots. There is also an indication of greater 

r others. borer attack in Co 360 than in others. From 

I Exactly similar trend is also observed in the net the standpoint of tonnage, however, Co 360 

I profit per acre (Table III). These figures of net equals Co 407 and Co 408 owing to greater weight 

profit are* calculated on the pre-war figures of ex- per cane. Co 413 and Co 419 have given signi- 

i penditure and the price of sugar. It would be ficantly higher tonnages than these varieties and 

seen that on the whole there is very little difference among these even Co 413 seems to be superior to 

> between July and October planting in this respect. Co 419. 

i Only the January planting shows a distinctly Sximamby and conolxjsions 

lower figure than the other two plantings. Periodi- the Canal Tract of the Bombay Deccan, 

cal brix and purity figures at early stages from three distinct plantings are generally adopted in 

- ^ October onwards have shown that all the varieties the case of sugarcane and investigations described 

do not show early attainment of maturity in in these pages deal with their relative importance 
July planting over October planting. On the well as the suitability of the varieties for the 
i other hand, Co 360, because oi its heavy lodging plantings. Batooning power of these plantings 

i in July planting, has actually shown hxferior also been studied. The conclusions are sum- 

performance. Co 419 is the only variety which jnarized below j 
j has shown distinctly early maturity in July (1) There is a possibility of obtaining very low 

* planting throughout the period. The data for germination in the October planting due to the 

; average of the three seasons are given in Table IV . difficulty of conducting proper cultivation opera- 

j _ . tionsasaresult of heavy rains in September which 

' Ratoon oj plantings a common feature in this tract. From the 

The ratoons were kept after the harvest of these standpoint of germination January planting has 
' plantings by the middle of December in July . come out the best. Among the varieties, Co 413 

planting closely followed by that of October has shown a very good germinative power and 
I planting. In the case of January planting, the Go 360 the least. 

harvesting was done in the last week of January. (2) July planting is characterized by a severe 
There was thus a delay in ratooning by about a borer attack which reduces the number of shoots 
month in the case of last planting. A dose of earthing. In the case of other plantings al- 
225 lb. N in equal proportion of sulphate of though the number of shoots at earthing up remain 
ammonia and cake was given in three topdressings much higher, a large mortality is caused during the 
i by the usual method. The developmental data operation ofearthing by smothering of tillers, which 

are given in Table V and the harvest data in seem to be more in these plantings than in the 
f Table VI as average of the three seasons. It July one. As a result at harvest July planting 

‘ would be seen that on the whole there is not much has given a greater number of canes than others, 

difference in the ratooning performance in these Among the varieties, profuse tillering is observed 
plantings and ratoons of the plant crop harvested in Co 413 which, however, is found to be not of 
I by the end of January has come out as successful much use from the standpoint of increasing the 

as that of other plantings harvested in December, number of canes at harvest time. 

It has been, however, observed from other experi- (3) There is a significant increase in cane 
mental work that ratoons of later harvest are toimages from January to July plantiug. In the 
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case of July planting it is due to both higher 
number of canes and weight per cane while in the 
case of October planting it is entirely due to in- 
crease in the number of canes. Owing -to the 
poorer quality of Juice, however, the G.C.S. per 
acre, is practically similar in both these plantings. 
There is also practically no difference in the net 
profit per acre in both these plantings. The only 
advantage of the July planting has been the attain- 
ment of early maturity in certain varieties as 
Co 419 which helps the sugar factories to start the 
crushing season earlier, and the cultivators to 
secure higher price for their gut The January 
planting has shown a poorer performance in all 


respects. Among the varieties, Go 408 and Go 
419 are found to be more suitable for July 
planting than others. 

(4) The ratoons of all these plantings have 
shown practically similar performanoe at 
harvest. Among the varieties Co 360 seems to 
be the worst ratooner and Co 413 the best. 
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RESEARCH NOTE 

A PEELIMINARY NOTE ON THE QUICK SEDIMENTATION OE LIME 
JUICE FOR THE MANUFACTURE OF LIME JUICE CORDIAL 

By Girdhabi Lal, Ph.D. (Loitd.), D.I.G., Fruit Biochemist, and Nagina Lad Jaik, M.So. (Tech.,) 
Eesearch Assistant, Fruit Products Laboratories, Lyallpur 
(Received for publication on 31 August 1944) 


Lime juice cordial, an important citrus fruit bever- 
age is prepared from the clarified lime juice, i.e. 
juice from which all pulp, seeds, etc., have been 
eliminated. The method usually practised in 
this country by the manufacturers of lime juice 
cordial, for the clarification of lime juice consists of 
storing the juice (after addition of the preservative) 
in tall wooden vats and syphoning off the juice 
after sedimentation. This method takes two to 
four months (and even more) before the juice is 
clear enough for final filtration through filter 
presses for the preparation of the cordial. This 
necessitates a large number of vats and a huge 
storage space and consequently a good deal of 
capital of the manufacturers is locked up. In 
addition, the supply of the prepared cordial is 
often interrupted and delayed due to slow clarifi ca- 
tion process. A need has, therefore, been felt 
. by the trade for sometime past, for a method 
which would quickly clarify the juice. The 
authors have studied this problem under the 
Special Fruit and Vegetable Preservation Scheme, 
Lyallpur, financed by the Imperial Gouncil of 
Agricultural Research. 

The following methods were tried for the 
clarification of the juice on a laboratory scale : 

1. Passing the juice through Sharpies’ Super 
Gentrifuge. 

2. Filtration through (a) sand and charcoal 
filters, (6) Sietz filtering apparatus. 

3. Treating the juice with (a) 5*0 per cent 
Fuller s Earth, (6) 6*0 per cent activated carbon, 
(c) Sand, (d) 5*0 per cent kaolin treated with 
tartaric acid, and (e) 0*1 to 5*0 per cent ordinary 
kaolin after ignition. 

GIPD — 3 — 2 IC of AR— 7-8-45 — 650 


4. Juice treated as under (3) was filtered 
through Sietz apparatus and under suction in a 
Buchner Flask. 

5. Treatment of juice with tannin and gelatin 
in different proportions (0* 0085 per cent tannin 
in combination with 0* 001126 to 0* 03716 per cent 
gelatin). 

Out of all the above treatments, the tannin- 
gelatin method gave the most encouraging results. 
Gomplete clarification of freshly extracted juice 
was obtained in this case in four to six days. 
Other treatments either did not yield a fair degree 
of clarity or were rather too slow in their action. 
No foreign undesirable taste was imparted to the 
juice clarified by the tannin-gelatin method. 

The applicability of this method to old (stored) 
juice has yet to be tested. It is also proposed to 
give the method commercial trial in some factories 
this summer. Experiments are already under 
way, and the detailed results will be published as 
soon as commercial trials have been completed, 

gratifying to note that the tannin-geiatin 
method developed by the authors, is now being successful- 
jy used m Mr MtchelFs squash and cordial factory at 
Renala Khurd (Punjab) for quick clarification of lime 
jmce for cordial making. The remarks made by this 
nrm about this method are reproduced below ; 

“We are ^eatly indebted to you for giving us this new 
method which has proved of immense use to us. As we 
have ^eady pointed out our cordial manufacture would 
have been seriously delayed, if we had not got this method 
m time. Untd now we have to keep large quantities of 
lime juice m stock and even when extracting new jiiice 
we keep about four months’ supply of old lime juice aa 
the new juice is supposed to take at least four months to 
clear up, hut with this method, we hope to be able to 
reduce oim stocks and make use of the supplies of fresh 
hmes which can be had practically all the year round.” 



V-.- 
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ORIGINAL ARTICLES 

STUDIES ON THE METHODS OF ESTIMATING TOTAL BACTERIAL COUNTS 

IN THE SOIL 

By W. V. B, SuNDARA Rao, S. V. Desai and M. K, Reddy, Imperial A.gricultural Research Jnstitute/ 

New Delhi 

(Received for publication on 27 .Tune 1944) 

From: a study of the micro-organisms in pure the direct count method by which alone it would 


cultures, the morphology and general physiology 
of the organisms and an indication of the limits of 
their activity can be obtained. But to obtain 
information regarding the way in which the 
micro-organisms of the soil live and work under 
natural conditions, we have to take recourse to 
studies in soil. Of the several methods of studies 
in soil, the statistical method in which the number 
of bacteria in the soil are estimated and are 
studied in relation to other quantities (factors) 
under strict statistical control deserves a trial. 
For this, among other data, an exact number of 
the total number of micro-organisms in the soil 
is required. 

Plate method and direct count method are 
the usual methods employed for estimating total 
bacterial numbers. Earlier studies with the plate 
count method of Thornton [1922] showed that 
with 10 plates the per cent standard error between 
plates w’-as below 8 in eight out of ten cases while 
with 3 plates the value was over 11 in nine out of 
thirteen cases (Table I). Thus a minimum of 
ten plates appears to be necessary to obtain an 
error within 10 per cent. How^ever, the bacterial 
, numbers obtained by the plate method are not 
likely to represent the total bacterial content of 
the soil in view of the following generally re- 
cognized limitations : 

(1) The strict anaerobic micro-organisms are 
excluded as well as the important groups of 
nitrifying, non- symbiotic nitrogen fixing, sul- 
phur oxidizing bacteria, to some extent denitri- 
fying, symbiotic nitrogen fixing, pectin and 
cellulose decomposing bacteria. (2) High dilu- 
tions are necessarily used so that if groups of 
► Tiiicro-organisms are determined on the plate, those 
organisms occurring in small numbers will give 
a rather inaccurate count. 

After a trial of over 12 years ’ Thornton and 
Gray [1934] expressed their opinion that it was 
very uncertain whether those organisms that 
grow on the medium employed are of main im- 
portance in carrying out biochemical processes in 
the soil and that it w’-as necessary to develop 


be possible to obtain an estimate of the total 
bacteria present in the soil. 

Table I 
Plate method 

(Samples from different plots) 


Using 10 plates. 


Mean 

S,E. between 

Per cent 

Count. 

Plates 

S.E. 


1 

80 

±4-l 

±5-13 

2 

70 

±6*96 

±9-5 

3 

82-2 

±5-9 

±7-2 

4 

80-3 

±3*6 

±4-41 

5 

132 

±10-9 

±8*3 

6 

115 

±6-0 

±5-2 

7 

85 

±6*6 

±7'1 

8 

98 

H:9*7 

±10-9 



Puta Soil. 


1 

66 

±3-6 

±5-5 

■ 2. 

Using 3 plates. 

64 

( 

iO-66 

7untw Sml. 

±1-0 

1 

87*6 

2-33 

2-7 

2 ■' 

93-6 

4-3 

4'6 

3 ■ ■■ . 

60-0 

2‘6 

4-3 


Pu&a Soil (root zone) 


1 

Pusa Soil {away from root zone) 
j 24*7 1 4-8 . 

2 

20-S 

4*8 

3 

23'7 

0*67 

4 

,28*0 

6*4 

6 

11*7 

2-7 
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I suitable staining technique for enabling 
to be distinguished in soil films was 
hy Conn [1918] and further modified 
oy Winogradsky [1925]. Two very serious diffi- 
culties had, however, prevented this technique from 
being developed into an exact quantitative 
method. These were (a) the difficulty of esti- 
mating with any accuracy the minute mass of 
the soil examined in a thin film, and (h) the fact 
that the bacteria were not distributed at random 
over the film from which the microscope fields 
had to be taken as samples. These difficulties 
were eventually overcome by means of a 
ratio method, developed by Thornton and 
Gray [1934], the principle of which was as 
follows 

‘A suspension of indigotin particles averag- 
ing one micron in diameter is made up and the 
number of particles per c.c. is determined by 
means of hamocytometer. A known mass of 
soil is shaken up in a known volume of this count- 
ed suspension. Films of the resulting mixture 
are prepared and stained with an acid dye like 
Erythrosine (sodium or potassium salt of tetra- 
iodo fluorescein) which stains only organisms 
but not organic matter (since most of soil organic 
matter is in humic acid condition)i The bac- 
teria and indigotin particles are counted in a 
suitable number of random microscope fields and 
the ratio of bacteria to indigotin is determined. 
Since the ab.solute' number of indigo particles 
added per gram of soil is knoivn, the number 
of bactm-ial cells is calculated from the ratio 

jB 

according to tlie fornniLa (1) 

where Y == the number of indigo • particles 
per cx. of the suspension, 5 cx, of which 
were added per gram of soil, and B and 
I the total number of organisms and indi- 
gotin particles respectively, counted in the 
films. 

The calculation here is independent of the 
quantity of the soil in the film. The ratio of 
the bacteria to indigotin show a random distri- 
bution over the films and the actual number of 
bacteria per gram of soil is calculated from 
this ratio.’ 

Thus the two serioiis difficulties that pre- 
vented the direct count method from becoming 
an e,xact quantitative method were o\ercome. 
An attempt was made to test thi^ method in 
these laboratories 


' Experimental , , 

The soil samples selected were (1) Piisa soil 
(silty loam), and (2) Guntur soil (heavy black 
cotton soil) differing widely in mechanical com- > 
position as below: 


Soil 

Sand 

Clay 

Pasa 

70% 

5-6% 

Guntvir . . . . j 

14-6% 

64% 


The soil sample in each case was sieved through 
1 mm. sieve and, was spread ■ evenly o.ii a large 
sheet of paper and divided into four different 
portions and one composite portion was made 
therefrom. Counts were taken from all the 
five portions. The procedure followed for the 
estimation of the bacterial numbers by the direct ! 
count method was the Thornton’s method [1934], 
with some alterations in some details of tech- 
nique which were found necessary. 

Alterations made in the method. While Thorn- 
ton [1934] employed an indigotin suspension 
containing 500 million particles per c.c., the 
indigotin suspension employed during the present ^ 
investigation was made to contain only 25 to 35 
millions. Indian tropical soils contain usually ; 

less number of organisms than the soils of the ^ 

, B (Bacteria) 

temperate region, s. If the value j ^ 

is made large by reducing the nuinlier of indigotin 
particles then slight errors in counting !)acteria 
■will not alter the ratio much and as such, wide 
variations are not likely to be introduced, as a 
result of this error, in the final calculated number 
of organisms in the dine,rent aliquot (of etpial | 
quantities) of the satue soil sample. 

Further, an alteration liad to be made in the . 
method of counting the indigotin particles and ? 
bacteria on the soil film. Thornton ami Gray | 

[1934] suggested that it would be l>est to ins(?rt ; 

in the eye piece a glass disc ruled with a stjuar^ 
having 2 mm. side and to take only the ai'ea ^ 
covered by the square as the field. But in our ex~ A 
periments the square was not insiuTed. The ^ 
counts were taken over the eutbx field, since 
the bacteria and indigotin particles in an area 
of 2 mm. square were too few. Better agree- '| 

B . . I 

ment in the value could Ih^ had sinca* field 
area was greater. 
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Testing the accuracy oj^ the method 

! ( 1) Agreement between replicate microscope fields 

‘ and drops. It was mentioned in the introduc- 
tion that a serious source of error in many direct 
methods of counting soil organisms had been 
the uneven distribution of stained bacteria over 
the films. In the method developed by Thorn- 
ton and Gray [1934] it was claimed that the 
ratio of number of organisms to numbers of 
indigotin particles would be more uniformly 
distributed than the organisms taken by 
themselves. This was now tested by calculating 
the indices of dispersion between replicate 
microscope fields. These values were calculated 
: for five series of counts from three soils examined. 

The results are shown in Table II where column 
A gives the number of degrees of fieedom 
for each count, columns B and C show 
indices and the corresponding value of P for 
the counts of micro-organisms taken by 
themselves. Here the micro-organisms were un- 

I Table II 

I Inddces of dispersion for ratios of organisms 

to indigo particles and for organisms alone 
in replimte mwroscopic 


Soil 

A 

B 

C 

D 

F4 

N 

* o f 

organisms 

alone 

P 

of 

ratios 

P 

Pusa away from roots 1 

63" 

450*21 

<0*001 

17*89 

Nearly 1 

•> 

47 

232*0 

<0*001 

5*90 


3 

55 

792*4 

<0*001 

9*53 

. »» 

4 

63 

267*73 

<0-001 

3*28 

J# 

. 5 

03 

182*29 

<0*001 

6*38 

... 

Pusa root zone . 2 

63 

,445*84 

<0*001 

■'4*68 

■»» 

...2'' 

55 

■ ■ 253*72' 

<0*001 

4*41 

JJ 


'03 

432*11 

<0*001 

8*5' ^ 



63 

i 466*8 

<0*001 

7*18' 

” » 

'■'5 

,55 

■ ,516*67 

<0*001 

11*86 

’V ,■ 

(hmtur . , a 

63 

133*9 

<0*001 ! 

4*99 


2 

: 63 

, '275*51 

<0*001 

5*09 


3 

63 

,■,■2,21*51 

<0*001 

5-29 

■ ■ 5 !» ■ 

4 

63 

242*13 

<0*001 

4-26 


5 

63 

332*27 

<0*001 

10*16 

;.. ■; 


evenly distributed over the films, the values of 
being excessive. Columns D and E show 
indices with their values of P for the ratios derived 
from the same replicate microscope fields. These 
values denote that there was randomized distri- 
bution of the ratios. Thus while the micro- 
organisms were unevenly distributed over the 
films, the ratios (of number of micro-organisms 
to the number of indigotin particles from the 
same microscope field) did not show excessive 
variability over these films. This was probably 
due to the surface tension forces acting similarly 
upon the micro-organisms and indigotin parti- 
cles which were nearly of the same size. 

When a large mass of data is to be examined it 
will be convenient to take drop instead of field 
as unit. A comparison of replicate drops also 
shows any variability that may be introduced 
during the making of the drops. Table III shows 
the values for the drop ratios of 5 portions 
of each of the soils examined. In each portion 
of the soil examined it will be observed from the 
corresponding values, that the ratios were 
distributed at random. 


Table III 

Counts of micro-organisins 


Sample 

Organi.sms 

Indigo 

Ratios 

a'- between 
drop ratios 

Micro-organisms 
' pergrainof dry 


i 

....1 



N ^ U I 

.soil, in millions 


l. From live portions of a sample of soil from Piisa (away from 
roots) 


1 

1125 

557 1 

2*020 1 

1*7.52 1 

2 

2005 

.. .1033- 

1*090 

0*81 i j 

3 

1532 

' 757 1 

2*024 

1*521 1 

4 

1471 

722 

2*034 

2*000 

5 

: 1941 

.051. i 

2*040 1 

1*781 i 


or •(),') 
00*80 
‘)7*vS5 
08*o() 

08 'oO 
r.: O-SL") 


2. From five portions of a sample of soil from Fnsa (root zone) 


3214 

797 

4*033 

1*008 

2731 

677 

4*034 

0-490 

3392 

.844 . 

4*019 

0*302 

2987 

734 

4*070 

0*542 

2400 

596 

4*028 

1*1505 


105*0 
1 05-0 
194*;i 
10(3*8 
104*7 
±0*43 
~b0'22% 


3. From five iiortions of a sample of soil from Oiintur 


1 

2987 

476 

6*275 

0*811 

i 1058*00 

2 

3606 

, 581 

6*200 

0*470 

: 1046*4t> 

3 

2834 

450 

0*215 

1*567 

1047*85 

4 

3177.., 

490 

6*405 

. 1*205 ■■■ 

1080*00 

5 

372:} 1 

590 

6-:} 10 

' 1*238 

: 1055*01) 

' ±0*02 ■ 

1 ±0*413% 


Gonsist^^ Two workers made 

counts from different microscope fields from every 
drop on the slides prepared from each of the five 
portions of the Pusa soil sample. In the absence of 


i 


■1 
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dispersion between the two workers’ counts from 
individual drops of each portion were entered in 
column 11 of Table V. The two series of counts ag- 
reed within random sampling, personal error being 
very little. The calculated numbers agreed closely. 


a personal error, their counts should agree as ran- 
dom samples. Table IV shows the number of 
micro-organisms and of indigotin particles counted 
and the ratios obtained by each worker from each 
of the five portions. The sum of indices of 


Table IV 

Cmnts of micro-organisms by two workers from five portions of a saw 

Plot No. 3-A 

(October sample away from roots) 

Direct count method 


Organisms in 


Organisms in 
millions per 
gm. of soil 


millions per 
gm. of soil 


Total 


for slide 
ratios 


2068 

1033 


1 r(bl-Bi)* ) 

Formula for »• » iiSlTTT“l 

Where b and i are the bacteria and indigo counted in each slide and B, I are the total bacteria ami indigotin panicles counted 


Table V 

Counts of micro-organisms by two workers from five portions of a sample of soil from. Pu.sa 

Plot No. 3-A 


Counts by M. K. Reddy 


Counts by W. B. S. Rao 


Millions 
per gm. of 
air dry 
soil 


between Sfcan 

workers rat io 

counting 


between 

slide 

ratios 


between 

slide 

ratios 


Organisms Indigo Ratios 


Sample Organisms Indigo Ratios 


2-0224 

1‘9940 

2*0610 

2*0850 

2-0830 


2259 

1260 

2022 

2661 

2521 

10723 


1125 551 2*0197 0*1306 

2068 1033 2*0017 0*4801 

1682 757 2*0236 0*4690 

1471 722 2*0374 0*1265 

1941 951 2*0211 0-2984 

8137 4020 .. 1-6046 


•03522 

S.B.*r.0*2l)ie 

{ 0 * 2963 %) 


Mean 


Slide 

Slide 

3 

Slide 

4 

for slide 
ratios 

Total 






b 

b 

b 


B 

1 

1 

1 


1 

409 

644 

395 

0*1369 

2259 

202 

323 

101 


1112 

271 

518 

471 

0*3445 

' 1260 

131 

256 

245 


632 

. ■ 472 

566 

662 

2*5630 

I 2022 

202 

279 

281 


981 

874 

522 

620 

0*3027 

2661 

427 

276 

246 


1276 

655 

538 

478 

0*0403 

2521 

314 

256 

228 

1 . ■■ 

1210 



METHODS OP i^STIMATINC TOTAL BACTERIAL COTJNTS IN THE BOIL 


^ Enofs in samfling dm to mfiaUon in grain 
size. The soil selected was a sample from Guntur 
having 8*4 per cent coarse sand. Sterilized sand 
was added to it to raise the percentage of coarse 
sand to 20, 30 and 40 and mixed thoroughly. 
Thus four different types of soil differing in grain 
size only, were obtained. Sand was sterilized by 
autoclaving for two hours a,t 15 lb. pressure. 

1. Original sol! 8*5 per cent coarse sand 

2. Soil with 20 per cent coarse sand 

3. Soil with 30 per cent coarse sand 

4. Soil with 40 per cent coarse sand 

In each of these soils the sample was spread 
on a sheet of paper and divided into four portions. 
Each portion was put into a separate bottle and 
labelled. The total bacterial counts were esti- 
mated in each portion by the direct microscope 
count method. Table VI shows the results ob- 
tained. 

Table VI . 

Total bacterial number variations with addition 
of sterile sand 

Direct microscope count method 

Bacterial number in 
millions per gni. of 
soil 

1. Guntur Soil — original (coarse sand 8-5 per 
'■cent;. — ■■■ 

Portion 1 . ... 1,006*73 

„ 2 . . . . 1,036*8 

„ 3 . . . . 953*1 

4 ... . 977*1 

Mean ' • I * ! * 993*43 (±1*78) 

II. Guntur Soil (coarse sand 20 per cent) — 

Portion 1 .... 855*55 

„ 2 . . . , 877*50 

„ 3 . . . . 827*65 

„ 4 . . . . 870-7 

Mean 857*86 (±1*99) 

III. Guntur Soil (coarse sand 30 per cent) — 

Portion 1 .... 750*85 

2 . . . . 702-36 

3 . . . . 770*4 

,.4 .... 727*7 

Mean 737*8 (±2*16) 

TV. Guntur Soil (coarse sand 40 per cent) — 

Portion 1 .... 662*97 

■'".T/: ■/'■>/: .2 ■.■: ■ T','' ' . 674*1 

„ 3 .... 665*6 

■'^'„ ■644*3 ■ 

Mean ..... 661*74 (±0*95) 


665*6 

644*3 

661*74 (±0*95) 


it can also be seen that the decrease in bacterial 
numbers per gram of soil corresponded to the 
increase in the amount of sterilized sand added. 

Table VII shows the expected values and the 
mlues observed. 

Table VII 


Sample 

Bacterial Nos 
soil in : 

. per gram of 
millions 

Difference 

Expected 

Obtained 

percentage 

1 . 

993*43 



2 . 

857*86 

879*1 

2*4 

3 . 

737*80 

1 779*8 

5*3 

4 , 

661*74 

680*5 

2*6 


From these results it appears that the percentage 
standard error varied between 1 and 2. Further 


From these results it can be seen that the method 
is fairly accurate. The authors are greatly in- 
debted to Rao Bahadur Dr B. Viswanath, C.I.E., 
F.I.C., D.Sc,, Imperial Agricultural Chemist, for 
his advice during the course of this work. 

Summary 

In the present investigation it was observed that 
in the plate count method a minimum of ten 
plates was necessary to obtain an error within 
10 per cent. Since no single medium is suitable 
for the growth of all soil bacteria belonging to 
different physiological groups, the bacterial num- 
bers obtained by plate method do not represent 
the total bacterial content in the soil. As such 
the direct microscope count method of Thornton 
and Gray [1934] was studied in detail as to the 
agreement between replicate microscope fields 
and between drops, consistency of results and 
the errors in sampling due to variation in grain 
size of the soil. This method with a few modifi- 
cations in some details of the technique was 
found suitable to determine the total bacterial 
count in the soil within an error of ri: 2 per cent. 
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A STATISTICAL ST UDA" OF THE BOLL FOEMATION IN COTTON 

By D. N. Nanda and Mohammad Afzal, Cotton Research Laboratory, Lyallpur 


Tx tlio previous two papers of this series [Afaal 
and Iyer, 1934 and Nanda, Afaal and Pause, 
1944] the o'rowth i)i heig'lit and the flower pro- 
duction in four varieties of cotton, three American 
and one indigenous, were studied in detail. In 


(Received for publication on 23 October 1944) 

(With one text-figure) 

m‘ 

bhis series [Afaal summation curves of all varieties were of the 
■zal and Pause, characteristic S-shape. 

I the flower pro- The data were examined by fitting the logarith- 
three American mic equation of the fifth degree in the time 
id in detail. In variable and it was found that the mean squares 

. - . , , j ’1 . /'* 1. 


the case of gro^vth in height, the exponential were in a few cases significant up to the fifth 


equation was found to fit the data 

and in the case of flowering a polynomial of the 


third degree of the Log — ^ = Y ^ A-\-BT 

+ lyP was found suitable. 

These studies have now been carried further 
ancLthe boll formation in cotton has also been 
studied. 41ie experimental data were collected 
from the Physiology Plot of the Cotton Research 
Laboratory, Ixyallpur. 

Two hundred average plants were selected at 
random in each of the four varieties, namely, 
4F, 289F, 289F/43* and 39 Mollisoni just before 
boll opening started and the number of bolls 


degree. The mean squares up to the third degree 
were practically ahva.ys significant and it was, 
therefore, considered that tlie third degree equa- 
tion may be considered to givi^ the liest fit. The 
equations for the average polynomials are givtm 
below : 


4F . . y 04)0951'’* 4- 

2H9F , . F ---= —1*5444 -i- <!*2212e--- 0'0048fy-f-- 0*00007^® 

289.FI43 . Y = — 2*2112 0*469Sf — 0*0308^** -f 0*0012/» 

39 JloUisoul F - —2*0801 -r 0*0455/ — 0*0430/2 A 0*00:}f)/» 

ils in the case of flowering, tiie average poly- 
nomial for each variety was calculated ami the 
sum of squares contributed hy the linear, the 
quadratic and the cubic components of the curves 


noii openiiig £tiiu uixc iiuniwux 

picked per plant per day was recorded in each and the corresponding deviations from the average 
case The boiling season was divided into inter- regressions were calculated. It was found that 


vals of 5 days and the progressive total of the 
number of bolls produced per plant during each 
interval was plotted. It was found that the 


the average polynomial of the third degree was 
significant in ali varieties except 289If as will be 
seen from Table 1. 


Table I 

Sum of squares of the average 


Due to 

4F 

j 289E 

289F/43' 

39 Mollisoni 

D.F. 

s.s. ; 

M.S. 

D.F. 

S.S. 

M.S. ■ 

D.F. 

S.S. 

. AtS. 

I).F. 

S.S. ALS. 

Linear regression , 

1 

176‘6 

. 176-6** 

1 

147*3 

147*3** 

■1 

, '88*23 

88*23** 

1 

69-84 09*84* » 

Qu«adratic regression 

1 

0*4004 

0*4004*'^' 

1 

0*1000 

0*1000*'* 

1 

0*0412 

0*0412 

1 

0*7043 0-7043“* 

CuLie regression 

1 

0*0994 , 

0*6004’^* 

1 

0*0427 

0*0427 

, 1 

1 

0*5622 

0-5022** 

1 

l*r>113 I-.51I3** 

Deviation pom, 











' ''1 

j ■ 

Linear regression . , , 

6 

16*17 

2*696* * 

6 

37*40 

6*248** 

% 

10*51 

5-259** 

; 4 

22-38 1 5*595* J' 

Quadratic regression 

6 

2*926 

0-4878** 

6 

2*268 

0-3781** 

2 

0*4945 

0*2472** 

; 

2*039 : O*50iH** 

Cubic regression 

6 

0*4813 

0*0802 

1 ® 

2*210 

0-3683** 

' 2'"' 

0*1695 

0*0847 

4 

0*7203 1 0-1815** 

Residual 

98 

2*664 

0*0271 

' 77 

-1*274 

0*0165 

48 

■ 1*597 

0-0332 

j 00 

0*5850 : 0*(>()97 

Total 

119 

200*0 


98 

190*7 


57 . 

101*0 


i if 

i 

97*79 1 
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BOLL FORMATION IN COTTON 


1 tliat the deviations in the case of flower production, the rate of boll 
bhe average ones were formation was also influenced by the seasonal 
^ing thereby that as factors to a m’eat extent. 




hhQ, 1 

the logarithmic equation fitted to the dafn to be constant. It was really a function of time, 
was significant up to the third degree, the relative The relative, rates of boll formation for each' 
rate of ])olI formation cannot be considered variety are given in Tabic IL 
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Table II 

Rehtim rates of boll formation 


’I'anety 

1926-27 

1927-28 

1928-29 

1929-30 

1930-31 

1931-32 

. 1932-33 

4F , . , . 

0*042 

0*045 

0*057 

0-040 

0*055 

0*041 

0*065 

289F .... 

0*042 

0*065 

0*057 

0-042 

0*070 

0*070 

0*050 

2S9FI43 

39 Mollisoni 



0-079 

0*054 

0*051 

0*035 

0*047 

0*061 


It will be seen from Table II that the relative 
rate of boll formation was the highest in 39 Molli- 
soni and least in 289F/43. A reference to Table 
IV in the article on flower production in these 
varieties [Nanda, Afzal and Panse, 1944] will 
reveal that the relative rate of flower production 
was also high in the case of indigenous variety, 
39 Mollisoni, and low in the exotic cottons. 
Amongst these latter 289P/43 had usually the 
least relative rates. 

A comparison of the average rates of flower 
and boll formation is very interesting and is 
given in Table III. 

Table III 

Comparison of the average relative rates of flower 
and boll production 


Variety 

Average rate , 
of flower 1 
production 

Average rate 
of boll 
formation 

Difference 
between the 
two rates 

39 MoUisoni . 

0*0781 

0*064 

0*0191 

289FI43 

0*0601 

! 0*045 

0*0151 

4F 

0*0610 

0*049 

0*0129 

2S9F 

0*0631 

0*057 

0*0061 


Since bolls are formed from flowers, the rates of 
flowering and boiling w^ould be the same if there 
-were no shedding of young bolls. The difference 
in these two rates is, therefore, the rate of boll 
shedding which is shown in the last column of 
Table III. It will be seen from these figures that 
the rate of boll-shedding is highest in 39 Mollisoni 
This is because in this variety flowering starts 
very early, tow^ards the middle of July, wlien the 
w-eather is still very hot and there is very heavy 
shedding. 289F/43 comes nearest to Mollisoni 
in this character and, therefore, the rate of boll- 
shedding is also high" here. Next in order of late- 
ness is 4F and the latest variety is 289F and the 
Tales of boll-shedding are also of the same order 
in these t^vo varieties. The very distinct fall 


in the rate of boll-shedding in 289F may be due 
to the fact that since the flowering in this cotton 
starts towards the middle of September, there 
is very little non-debisence of anthers [Trought, 
1928] ‘in this variety. Since 289F/43 is the earliest 
among the American cottons it suffers from non- 
dehisence for a longer period and, therefore, the 
rate of boll-shedding is the highest. It is, there- 
fore, suggested that under the conditions obtaining 
at Lyallpur, a very early flowering variety of 
American cotton is not desirable and it will be 
interesting to note that 289F/43 does not grow^ 
well here and will probably never become a com- 
mercial variety in this part of the Punjab. 

These studies have brought forth a very im- 
portant point of practical utility. Here we have 
a meanfe by which it may be possible to judge 
the adaptability of a foreign variety to the local 
conditions after a very short trial. If data of 
the type presented in Table III were collected on 
the foreign variety under the local coral it ions, 
the adaptability or otherwise of the new varieties 
could be judged, with greater confidence and witii 
greater chances of success than is possible at 
present, in a very short time. 

It may be mentioned in the end that the present 
paper is the last of a series embodying studies in 
growth in cotton. Heath [1932] was the first to 
study growth in height of cotton in South Africa 
while Prescott [1922] had studied flower produc- 
tion in Egypt. Boll formation has been studietl 
in the Punjab for the first time. We have, thus, 
a complete picture of four most important vjirie- 
ties of cotton gro\Yn in the Punjab. 

Summary 

A logarithmic equation of the third degree lias 
been fitted to the boiling data of cotton and it 
was found that although the mean squares were 
significant up to the fifth degree in a few cases, 
it was considered that the third degree would give 
a very good fit. 
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The relative rate of boll formation varied with 
the time. This had to be the case, because, as 
previously reported, the rate of flower produc- 
tion was also found to vary likewise. 

It has also been possible to calculate the average 
rate of bolhshedding and it was found that early 
maturing varieties had comparatively liigher rate 
of bolhshed ding than the late maturing varieties. 
It was, therefore, argued that at Lyallpiir a late 
maturing variety fits into the environmental 
complex much better than an early maturing one. 
This dediK'tion from purely theoretical considera- 
tion has been found to be a true one as no early 
maturing varietv can be successfullv grown here. 
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COTTON JASSro DEV AST AN S DIST.) IN THE PUNJAB 

VI. SPECIES FOUND ON THE COTTON PLANT IN THE PUNJAB 
By Manzoor Abbas and Mohammad Afzal, Cotton Research Laboratory, Lyallpnr 

( Received for puhlieation on 28 October 1944) 


A VERY large number of species 


of Empoasca 
infest different field and garden crops in the Punjab. 
Some of these species have not yet lieen properly 
identified. As a very large number of insects 
belonging to this genus are pests of one plant 
or the other, it is suggested that an exhaustive, 
survey will be of interest not only to entomologists 
but to general agriculturists also. 

In the previous literature on cotton jassids, 
only one species, namely, E, devastans Dist., 
has been invariably mentioned as the pest of the 
cotton plant in the Punjab. We, however, found 
that amongst the samples collected from the cotton 
fields at Lyallpur, a few specimens of other species, 
not hitherto described, weve almost always present. 
A collection of these specimens was sent to the 
Imperial Entomologist, Imperial Agricultural 
Research Institute, New Delhi, for identification 
and as a result of this, the following three new 
species have been brought to light : 

(1) E. minor Pruthi, 

(2) E. kerri var. motti Pruthi, and 

(3) E* punjabensis Pruthi [Pruthi, 1940], 

In order to find out the extent to which the new 

species were present on cotton in different parts of 
the province, a survey w^as carried out during the 
last three years, the results of which are presented 
in this paper. 


Survey oe the species 


For the purpose of this survey, fortnightly 
collections of jassids*were obtained from cotton 
fields from a large number of places. The help of 
the staff of the Punjab Department of Agriculture 
was sought for this work and the usual method of 
the hand-net and the killing bottle was employed* 
An effort was made to collect about 300 insects 
each time ; but the actual number varied with 
the extent of incidence of the pest and the place of 
collection. At the time of the examination, the 
external morphological characters described by 
Pruthi [ 1940 ] did not enable us to identify the 
various species except E, devastans and, therefore, 
we had to resort to the only alternative of examin- 
ing the male genetalia under the microscope. The 
collection was examined in two stages, firstly the 
separation of E. devastans Dist. from the rest 
of species and secondly the identification of the 
various other species. 


Percentage op E, devastans Dist. in the 

DIFFERENT PARTS OF THE PROVINCE 


The percentage of E. devastans in the fortnightly 
collections made from different important cotton 
growing tracts of the province is given in 
Table R 


B 
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It will be seen from tMs table that tbe percentage 
of jE. devmtans was low to start witli at most of 
tbe places and went on steadily increasing with 
the advance of the season, until towards the end 
it became the most predominating species. 
Another point of interest is that species other 
than E, devastans much more in evidence in 
South West Punjab (Arifwala, Khanewal, Vihari 
and Multan) than in the rest of the province and 
it was a matter of great interest to find out the 
cause of this. This point will, however, be dealt 
with later. 

iBENTmOATION OF OTHER SPECIES 

The technique adopted for the indentification 
of species other than devastans was the same as 
described by Pruthi [ 1925]. It is evident that 
the identification of the species by this method is 
a slow and laborious process and it was, therefore, 
not possible for us to examine each individual in 
our collection. In order, however, to get a fairly 
accurate idea of the proportionate number of the 
various species, we selected at random 10 or 12 
males of these species from each sample during 
1940 and 1941 and subjected these to the micros- 
copic examination. The samples of 1942 have 
not been examined, but there is no reason to believe 
that these would be different from the samples of 
the previous two years. The proportion of the 
various species is given in Table II. 

It will be seen from these data that JS. minor 
and E, kerri var. motli were the two most predomi- 
nant species, tlie latter being more so than the 
former. It would also be seen that E, mmor was 
found in greater ab imdance in Ghiniot, Sargodha 
and Bhalwal, while E. kerri predominated in the 
rest of the province. It is unfortunate that wdth 
the present state of our knowledge of the alter- 
native host plants of E, minor, we cannot assign 
any reason for the relative preponderance of this 
species in these three places. It must, how^ever, 
be noted that these places lie adjacent to one 
another and have similar soil and climate and are 
mostly inhabited by the Jungle* Tribe, wdio have 
very rigid social customs and have the habit of 
growing large areas under fodders [ Khan, 1938 ]. 
It is probable that E, minor is a pest of some 
fodder crop, and comes on to cotton in the absence 


* Tlio original inhabitants of tho Canal Colonies of the 
iTinjab. They are tall, weU-built and always maintain a 
big herd of milch catt le., 



of its favourite host. This point, however, needs 
verification by careful observation. 

The causes which led to the comparative 
abundance of E, kerri var. motti on cotton in early 
part of the season in certain localities and its 
virtual absence at the end of the season was the 
next point needing investigation. For this purpose 
a survey was made of the standing crops where 
cotton was growing and it was found that guard 
{Cyamopsis psoralioides) ha.r])oured a large number 
of jassids. The attack on this crop is really very 
heavy every year and jE. kerri var. motti h found ' 
on it practically to the exclusion of every other 
species. It was, therefore, argued that cottoD 
was only an alternative host plant of this insect, 
w^hich preferred guara to cotton. 

As is well known, guara is grown both for fodder 
and as a green manure crop. In the later case, 
the crop is allow'-ed to grow rather luxuriantly and 
is buried in the soil any time before 15 September. 
When the crop is buried, the adult jassids then 
present on it migrate to other food plants. Thus 
in fields of cotton situated near gtiara, there is 
always a possibility of a larger number of these 
species being present than if no guara was grown 
near about. Also when guara is buried all the 
adult population will transfer itBelf on to cotton. 
The figures given in Table III are interesting in 
this connection. 

Guara- buried during the interval between 
the first and second date of sampling during 
August and the drop in the percentage of A'. 
devastans duxing this period can be explained 
by the invasion of E. kerri horn gu(mi to ootton. 
This drop was much more marked in the field 
situated near the gmxra crop than in the one away 
from it. 

It is well known that guara as a green manure 
crop is grown in much larger proportions in the 
districts of Montgomery and Multan than in 
Lyallpur. At the British Cotton Growing Asso- 
ciation Farm, Khanewal, from where the samples 
noted in Table I were taken, guara is grown on 
at least 2*5 acres per square (25 acres) every year, 
and this may explain the comparative abundance 
of E, kerri on cotton in the early part of the season 
at Khanewal. 

It will also be clear from Table III that the 
comparative abundance of E. kerri var. moiti did 
not continue for more than a fortnight after the 
removal of guara. In. order to elucidate this point, 
experiments on ovipositioii and the development of 
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Table III 

Percentage of B. devastans Dist, in fortnightly collectio7is from fields of cotton near and away 

from giiara in 1941 at Lyallpur 

JUI.Y I AUGUST I SEPTEMBER I GCTOBER 


I II I II I H I II 

1 brt iiiglit fortnight fortnight fortnight fortnight fortniglit fortnight fortnigJit 


1 . Field of cotton contiguous 

to giiara field 

2. Field of cotton 1| miles 

away from gmm field 


tlie nymphs of the two species, E. devastans and 
E. h&rri var. motti oii guara and cotton ivere carried 
out during 1942. The results of this investiga- 
tion are .sunimaiized below : 

Seventy-two adults, both males and females, of 
E. deimstashs mid E, kerri var. niotti were collected 
and liberated on young leaves of guara and cotton 
and the number of nymphs hatched out WTre 
later on counted. The necessary precautions 
about the absence of oviposition on the particular 
leaves previous to the liberation of the adults 
were carefully observed. The figures are given 
in Table IV. ‘ 

Table IV 

Oviposition of¥j. devastans and E. kerri mr. niotti 
on cotton and guara 


Total 

%I3.D. Total %E.D. Total 

%E.D. 

Total 

%E.I). 

165 

100-0 :n0 97‘8 306 

18-0 

256 

99-2 

145 

100-0 180 100-0 202 

31-8 

295 

100-0 


Stiecios of 
.ttsskls 

Plant on 

Ko. of 

No. of 

AVliich 

adulfis 

nyiiiplis 

li Iterated 

liberated 

liberated 

iiatchcd 

/?. dmmtam 

; Guara 

72 

Nil 

IL 

(Jatfcoii 

1 „ ■ 72, , 

40 

H. kerri . 

(kjttoii 

I 72 

3 

M. kerri ' . 

Guam 

72" . 

269 


It is seen from Talile IV tliat E. kerri var. 
mofti laid very few eggs on cotton while E. devastans 
was not at all alile to lay eggs on guara. E. kerri 
was able to breed very freely on guara and this 
may be the reason of very large population of 
this pest found on guara every year. 

Another experiment in which the development 
of the nymphs of these two species on cotton and 
g^Mira was studied was performed during 1942. 
A certain number of first instar nymplis ivere 
liberated on young leaves ajid were carefully 
watched. The number of adults that finally 
emerged was also noted. In this case again, only 
thesi' young leaves which had been previously 


sleeved to prevent eggs being laid on them were 
used. The figures are given in Table V. 

Table V 

Development of the nymphs of E. devastans and 



E. kerri var 

. motti. 


Species of 

Jassid 

liberated 

Plant on 
which 
liberated 

No. 'Of 

1 nyjnplis 

liberated 

No. of 
adults wliich 
emerged 

E. kerri var. motti . 

Gueira 

165 

81 

Ditto. 

Cotton 

150 

71 

B. devastans 

Cotton 

150 

so 

Ditto . 

Guara 

150 

15 


From Tables IV and V it will be seen that 
E. herri var. niotti lays very few eggs on cotton 
(and possibly the percentage of hatching is also 
very low), but the young nymphs have no difficulty 
in feeding on cotton and reaching maturity. 

Here then, we have an explanation of the 
phenomenon of the rise in the number of E. ke/rri 
var. motti on cotton after the removal of guara. 
The adults of this species invade the cotton fields 
near guara, hut the adults all die out soon after. 
As very few eggs are laid the species practically 
disappears from the cotton crop within a fortnight. 

Small scale cage experiments, in which E. kerri 
var. dnoUi was liberated on cotton plants in very 
large numbers to keep up a high degree of infesta- 
tion, were performed during 1941 and 1942. It 
was invariably noticed that the death rate of the 
insect in the cages was very high and, therefore, 
daily liberation of a large number of fresh adults 
was necessary to maintain a high degree of infesta- 
tion. It was, however, noticed that inspite of 
the high degree of infestation maintained artifi- 
cially inside the cage, the characteristic symptoms 
of the attack of E. devastans — crinkling and red- 
dening of leaves— did not develop on the plants. 
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Althougli no data on the loss in yield or deteriora- 
tion in quality of fibre are available, it is considered 
that such losses cannot be high and, therefore, 
E. Jcerfi var, motti should not be considered 
as a serious pest of the cotton plant in the 
Punjab. 

It will also be seen from Table II that very few 
specimens of E, ptmjabensis were collected from 
cotton. It is suggested that this species is not as 
pest of cotton at all and the stray specimens 
recorded were only casual visitors. 

Summary 

Amongst the new species of jassids recently 
discovered it was found that JS'. kerri var. motti and 
E, mmoT were most commonly found on cotton 
plants in early part of the season and E, punjabensis 
was perhaps only a casual visitor to the cotton 
plant. 

To the list of different species of jassids attack- 
ing cotton compiled by Afzal Hussain and Lai 
[ 1940 ] the name of E, minor may now be 
added. 


[XV. 

So far as our present knowledge goes, both the 
new species mentioned above are not injurious to 
the cotton plant which is only their alternative 
host. The most favoured host plant of E, kerri is 
guara, and that for jB. wwof yet awaits determina- 
tion. 
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ON THE BIOLOGY OF THE VEGETABLE MITE {TETRANYGIIUS CUCURBI- 
lAE EAHMAN AND SAPRA : FAM. TETRANYCHIDAE) 

By Khan A, Rahman and Amak Nath Saiuia, Entomological Laboratory, Punjab Agricultural 

College and Research Institute, Lyallpur 

(Received for j)abli cation on 23 November 1944) 

(With Plates I & II and ten bext-tigures) 


The vegetable Jiiite was first collected in Novem- 
ber 1934 from desi sem (Ganavalia ensiformis) 
at Lyallpur and was identified as a new 
species of the Genus Tetranychus by Mr R. J. 
Whitick of the British Museum and was des- 
cribed by Rahman and Sapra [1940,1] as 
Tetranychus cucurbitae. 

T. cucu7^bitae is a very serious pest of vege- 
tables and other crops in the Punjab and in 
view of its importance, a detailed study of its 
life history and habits was made and the results 
are presented in this paper. 

Technique 

For a study of the biology of this small-sized 
Arthropod, special technique had to be adopt- 
ed . Therefore, the methods employed by 
McGregor and McDonough [1917] for a study 


of mites and Eloyd-ymith [1931] for confining 
thrips on the leaves of the host plants, were 
tried, but none of these methods proved success- 
ful. On the other hand, the apparatus evolved 
by Storey [1928] for a study of the insect-vec- 
tors of plant viruses was, after some modili- 
cation, found to be useful for studying the bio- 
logy of this mite. This is briefly described 
below. 

The apparatus (Fig. 1) consists essentially 
of four parts : two short tubes (a) and (6), 
a semicircular steel wire ring (c) which serves 
as a spring and glass tube {d) for confining 
mites. The two tubes (a, b) are formed at 
either extremity of a steel bar (c). A bamboo 
rod is passed through (a) and is fixed to the 
ground and the height at which the apparatus 
is to be adjusted is regulated with the screw( 5 ). 


a 



BOILOGY OF THE VEGETABLE MITE 


One end of the ring (c) is soldered along the like a drop of honey in t 
length of the tube (&)i whU^ other end bears dually changes to brown 
a cork which is provided with a padding of cotton- tinge before hatching, whe 
wool tied to it with muslin and this serves as periphery becomes transpa: 
a bulfer for the leaf of the host plant. Through become visible. 

(d) passes the glass tube (c?) and its lower end 
rests on the leaf over the padding. The edge 
of (c?) which touches the leaf surface is thorough- 

ly ground to make it smooth. The height of Wtf ‘ 

the tube is adjusted with the screw ( 5 * 5 ) to secure 

correct pressure between the edge of the tube 

(d) and the leaf, between which is interposed 

a rubber ring to avoid injury to the latter by z 

the former and to stop the escape of mite . 

through loose contact of the two, • 






the bar between them being 12.5 cm. long. The vegetable mite (THnmycJnts eururbltae R. & S.) 

glass tube (c?) is of 7.0 cm. length, 1.1 cm. inter- Tig. 2. Egg X91; Fig. 3. Larva XOI ; Fig. 4. Tarsal claw 

nal dkmpf-PT* nnrl 0*1 mn fhiVL wnlk (male) larva ; Pig. 5. Tarsal claw (female) larva; Fig, S. 

nai aiameter aaici U l cm. tillCk wans. Maleprotonympli xOl ; Fig. 7. Female protonymph x 91 ; 

Desi seM [Cnnavcilici ensifoTwis) was used Fig. 8. Beutonympb x91; Pig. 9. Adult femaiexOl ; and 

as host plant and it was grown under cover Pig. 10. Adult male x 91. 

of thatching. The crop is in the field from Lana (Wig. 3). Length 0.140-0.1% mm., 

April to December. The cover was e.ssential as ^idth 0.126-0.154 mm. Almo.st spherical in 
the mites could not stand direct sun, which made outline and light amber in colour at hatching, 
them restless and were generally lost in the becoming elongated later on and developing 
cotton-wool plug on the upper end of the tube, a greenish tinge and dark specks dorsolate rally 
Moreover, the afternoon temperature inside the -with feeding. It has three pairs of legs, 
glass tubes in the open, always, proved fatal Male and female larvse distinguishable at 

lor the mites after the middle of April. birth, the tarsal claws of the first pair of legs, 

as iu adults, ending in a whorl of teeth in case 
Description op various stages of male larvse (Fig. 4) and in six hair like pro- 

Egg (Fig. 2). Spherical, 0.112 Bim. in dia- cesses in female larv^3e (Fig. 5), These cha- 
meter, transluscent when freshly laid and appears racters persist in the later stages as well 
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ProionympJi (Figs. 6 & 7). Different from 
larva in being slightly bigger and with 
longer bristles on the dorsum and with four 
pairs of legs. The colour changes to deep green 
and dark specks on dorsum increase in size. To - 
wards the end of this stage, the male and female 
protonymphs distinguishable apparently : male 
ones (Fig. 6) 0.210-0.290 mm. long and 0.161- 
0,175 mm. broad and more or less elongated 
while the female ones (Fig. 7) 0.210-0.280 mm. 
long and 0.162-0.182 mm. broad and more or 
less ovate. 

Deutonymph (Fig, 8). Length 0.276-0.341 
mm., breadth 0.198-0,240 mm. Only females 
pass through this stage, different from the 
previous stage in being bigger and genetalia 
being visible. 

Adults. (Figs. 9 and 10). Have been de- 
scribed in detail elsewhere [Rahman and Sapra, 
1940,1]. 


Distribution and food plants 

Tetmnychus cucurbitae' has, so far, been re- 
corded from Lyallpur, Gujranwala, Montgomery, 
Lahore and Sargodha districts of the Punjab, 
but because of the wide range of its host plants, 
it is most probably very widely distributed 
in the province. It has been collected from 
the following plants of which the first 13 suffer 
the most from its ravages : tinda (Oitrullus 
vulgaris var. fistulosus), water melon, melon, 
different varieties of gourd, ghia tori {Luffa 
aegyptiaca), tomato, desi sem {Canavalia ensi- 
formis), hollyhock, brinjal, cabbage, mushy 
rnong^ moth (Phaseolus spp.), peas, knoll-khol, 
cauliflower, arhar (Cajanus indicus)^ potato, 
onion, arum, poppy, swedes, turnips, brussel 
sprout, radish, cotton, sunkuhra {Hibiscus 
cannabinus), lady’s finger, different varieties 
of citrus, dareJc {Melia azedarach), alyer {Dodo- 
naea viscosa), jantar {Sesbania sp.), sheesham 
{Dalbergia sissoo)^ berseem, shaftal, lucerne, 
(Melilotus parviflora), maina {Medicago den- 
ticulata), maithey {Trigonella Foenum gra- 
ceum), soybeans (Glycine Mspida)^ cow peas, 
sunn-hemp, rose, crab-apple, karela (Momordica 
charantia), celery, dhodhak (Sonchus sp.), sun- 
flow^er, cha^idni {Tabernae^nontana coronaria)^ Mi 
(Convolvulus arvensis), railway creeper (Ipo- 
maea sp.), petunia, dodhak (Euphorbia sp.), 
mulberry, clarkia, and sweet potato, / 


.Life history 

The males emerge a little earlier than the 
females and wander about on the leaf in searcb 
of a fernale. On coming across a resting deu- 
tonymph the male places its anterior pairs of legs 
on it and waits for its emergence, there being 
more than one males resting by a deutonymph. 
Its sexual behaviour and mode of mating re- 
sembles that of Pamtetmnyclius indicus Hirst 
[Rahman and Sapra, 1940,2]. 

During April-September, the males generally 
die within 24 hr. after mating, but a few of them 
may live up to 48 hr. The unmated ones, how- 
ever, live for 5-8 days during April-September 
and 9-20 days during March and October- 
December ; the females, on the other hand, live . 
for 10-12 days and 14-25 days during the corres- 
ponding periods respectively. 

Pre-oviposition period. Since the females are 
fertilized as they emerge, the pre-copulation period 
is negligible. The pre-oviposition period, how- 
ever, varies with the temperature from less than 
24 hr. (May-September) to 96 hr. (February- 
xApril and October-mid .-Decem})er), while the ^ 
females may not oviposit even for a fortnight ■ 
during the period from middle of Decem])er to 
end of January. 

Oviposition. The eggs are laid at random in 
the web generally on the lower surface of the 
leaves from the beginning of March to tlie middle 
of December, the largest number being laid during 
xApril-October. The oviposition period lasts for 
8-10 days during April-September and 12-20 
days during March and October-December. 
During January -February eggs are laid very 
rarely, when there are long spells of bright sunny 
weather. The number of eggs laid is different 
for mated and unmated females. So the rate 
of oviposition varies with a temperature and 
the type of the female. The mated females laid 
a maximum of 13 eggs daily, the total number 
of eggs laid by them in their life time being 61-93 
with a maximum during May- June and August- 
Septeraber, while the unmated ones laid a maxi- 
mum of 9 and total of 33-59, the maximum 
being during April-June and August-September 
(Table I). 

Post -oviposition period. The females, gene- 
rally, die immediately after laying the last egg, 
this period extending to a maximum of 24 hr. 
during April-September, and 2-5 days during 
March and October-Deccniber, 


Ill 1 


BIOLOGY OF THE VEGETABLR MITE 


127 


Table I 


Om/position records of T. cuciirbitae R. <& S. 





Number of eggs 

laid by 




]\rontk 

Mated females 

Unmated females 

Total 

Per day 

Total 

Per day 


Max. 

Min. 

Average 

Max. 

Mil). 

Average 

Marti! 

80 

66 

75-0 

1-4 

50 

33 

44-0 

1—3 

April ..... 

86 

65 

77-5 

5—12 

57 

43 

52-0 

■ 5—8 

M'a'v . . . . ' , 

93 

61 

79*8 

10—13 

56 

, 42 

50-8 

5—9', 

Jvme 

90 

78 

85-0 

7—12 

59 

4a 

52-3 

4—9 

July .... 

84 

71 

77*6 

6—12 

50 

45 

47-6 

5—8 

August . . 

90 

75 

82-0 

7—11 

54 

47 

51*3 

4—9 

September 

89 

72 

82'3 

s— id 

58 

47 

51-8 ^ 

3—6 

October . ... 

79 

66 

74-7 

0—8 

54 

44 

49-3 

2—4 

November 

80 

61 

72-1 

1—5 

52 

37 

46-0 

1—3 

December .... 

81 

1 63 

72-0 

0—3 

50 

41 

45-2 

0—2 


Hatching. The chorion splits on one side 
along the circumference in a vertical plane. The 
larva widens this opening by pushing the two 
sides apart with its legs and comes out, leaving 
the egg-shell intact on the leaf surface. 

The egg hatching^ is almost cent percent ex- 
cepting from end of December to middle of Febru- 
ary, when a majority of them fail to hatch. 

The duration of the egg-stage varies with 
season : eggs laid from middle of April to middle 
of September hatch in 2|-3 days, those laid in 
March to middle of April and middle of September 
to end of November, hatch in 3|-12 days, while 
those laid in Janiiary-February hatch in 30 
days (Table II). 

Table II 

Egg stage of T. cucurbitae R. & S. 


Egg laid on 

Egg hatched on 

Duration 
(in days) 

104 (M) . 

941 (M) 

30 

12411 (M) 

20411 (M) 

8 

204V (E) . 

234V (E) 

3 

21-V(E) . 

24-V (E)’ 

3 

25-VI (E) . 

28-VI (E) 

3 

28-VII (E) 

31-Vn (M) 

24 ■ 

30- vm (E) 

24X (E) 

3 

294X (E) 

3-X (M) 

34 

8-X(E) . 

13-X (M) 

44 

21.x (M) . 

27.x (M) 

6 

7-XI (M) 

14-XI (E) 

H 

30-xi (m:) 

12-XII (M) 

12 


Morning and (E) = Evening 


Instars. The female mite passes through the 
following iiistars — egg: active larva-quiescent 
larva : protonymph-quiescent protonymph : deu- 
tonymph-quiescent deutonymph, the dueto- 
nymph instars being absent in case of male. 
When the larva or the nymph attains its growth, 
it fixes itself by thrusting its stylets into plant 
tissue and enters resting (quiescent) stage. 
During this period of rest, it neither feeds nor 
moves and its anterior pairs of legs lie parallel 
to each other and the rostrum. This stage is 
a sort of preparatory phase to the next stage. 
Its duration in each of the instars lasts for a few 
hours during March-No vember and for 1-3 days 
during December and 2-3 days during January- 
February. 

The duration of the immature stages varies 
with the season: they separately occupy lJ-2, 
3-6, 7|-9 and 20 days in males and 2|-3, 4-9, 
10|-13 and 27 days in case of females during May- 
September, March-April and October, November- 
December and January-February, respectively. 

Almost all the larvae hatching out from the 
eggs mature into adults, except about 10 per 
cent of them fail to moult successfully 
during May- June, especially in the first 
instar. 

Life cycle. The generations overlap in nature 
and all stages of the mite are available during 
March-December. Under controlled conditions, 
as many as 32 generations were counted in course 
of a year. 
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Table III 


Duration of mniature stages of T. cucurbitae 


Kgg 

Adults emerged on 

Duration 
(in days) 

Ini tolled on 

Male 

Female 

Male 

Female 

9-II 

(M) 

l-III 

(M) 

S-IIT 

(M) 

20 

■ 27 

20-III 

(M) 

20-111 

(M) 

29-III 

(M) 

6 

0 

6-IV 

(M) 

9-IV 

(M) 

IMV 

(M) 

3 

o 

23-iy 

fE) 

26-IV 

(E) 

27-IV 

(E) 

^ 1 

4 

24-V 

(E) 

26-V 

m , 

27-V 

(M) 


24 

28-VI 

(E) 

30-Vl 

(E) 

1-VII 

(E) 

1 2 

3 

11-VII 

m 

13-VII 

(M) 

14-VII 

(M) 

1 h} 

24 

19-VII.T (E) 

21-Vin (E) 1 

; 22- VIII (E) 

! 2 

3 

17-IX 

(M) 

19-IX 

(M) 

, 20-IX 

(M) 

2 

I 3 

2-X 

m 

o-x 

(E) 

7-X 

(E) 

3i- 


27-X 

(M) 

2-XI 

(M) 

4-XI 

(M) 

6 

8 

14-XI 

(E) 

22-XI 

(M) 

25-XI 

(M) 

7-1 

104 

12- XI 

(M) 

21.XI 

(M) 

25.XI 

(M) 

9 

13 


(M) = Morning and (E) = Evening 
The duration of the life-cycle depends upon 
the temperature. It occupied 4-7, 8J-12, 15-21 
and 50 days in males and 5-9^ 10-17, 18-25 and 
57 days in females when the temperature °F. 
varied between 60-2-107‘0, 62-2-88*6, 40-2-77-6 
and 39*0-71-3, respectively (Table IV). 

Table IV 


Duration of life-cycle of T. cucurbitae B. & S. 


Eggs 
laid on 

Adults emerged on 

■■■ : ,. ■ ■ ■ .. ■ : 

Duration 
(in days) 

Temperature 

®F. 

Male 

Female 

Male 

Female 

Min. 

Max. 

lO-I 

(M) 

l-III 

(M) 

8-ni 

(M) 

50 

57 - 

39*0 

71*3 

12 -III 

<M) 

26-III 

(M) 

29-ni 

(M) 

14 

17 

62-2 

83*6 

2.IV 


9-IV 

(M) 

11-IV 

<M) 

7 

9 

60-2 

91*7 

20-IV 

(B) 

20-IV 

(B) 

27-lV 

(B) 

6 

, 7 

70*2 

106*5 

7-V 

(B) 

I2-V 

(E) 

13-V 

(M) 

5 

54 

81-0 

106*5 

'21-V 

(B) 

26-V 

(E) 

27-V 

<M) 

44 

54 

80-2 

107*0 

10-VI 

(B) 

16-VI 

(M) 

17-VI 

(M) 

54 

04 

76-1 

93*1 

25-VI 

(E) 

30-VI 

(E) 

1-VIT 

<E) 

5 

6 

78-0 

96*2 

9-VII 

(M) 

13-VII 

(M) 

14-Yn 

(M) 

4 

5 

83'3 

104*3 

28-VII 

(E) 

2-VIII(M) 

3-Vin(M) 

44 

54 

83*7 

98*0 

16-Yin(E) 

21-VIII(B) 

22-VIII(E) 

5 

^ 6 

77*5 

96*0 

30-Vin<E) 

4-IX 

(E) 

5-IX 

<B) 

' 5 

6 

78*8 

95*5 

14-IX 

(M) 

19-IX 

<M) 

20-IX 

<M) 

5 

6 

71*8 

98*5 

29-IX 

(B) 

6-X 

(E) 

7-X 

(E) 

7 

8 

68*6 

91*7 

s-x 

(B) 

17-X 

(M) 

18-X 

(E) 

84 

10 

59*7 

88*6 

21-X 

CM) 

2-XI 

(M) 

14-XI 

<M) 

12 

14 

53*9 

82*5 

7-XI 

(M) 

22-XI 

(M) 

25-XI 

<M) 

15 

18 

45*8 

77*6 

30-Xl 

(M) 

21-XII 

(M) 

26-XI] 

:<M) 

21 

1 ■ . 

. 25 

40*2 

69*6 


(M) = Mornitig aind {^) = Evening 


Web eormation 

The females, when on fresh leaves, select a 
concave area generally between two veins, where 
they spin web and there may be large number of 
small patches of the web spun by different females. 
With the increased activity, these patches extend 
and coalesce with each other with the result 
that there is ultimately a single sheet of web 
covering the entire surface. The web formation 
is at first confined to surface initially infested, 
but is latter carried on indefinitely and on all 
sides and the Aveb assumes the shape of a thick 
sheath covering the entire leaf (Plate II), 

Dispersal 

The females are responsible for fresh infesta- 
tions. Before settling down on a leaf for feeding, 
spinning and ovipositing, they move about on 
and along the veins or edges of the leaves, from 
where they are easily dislodged by gusts of wind 
and carried to fresh plants. These mites have 
the interesting habit of collecting in nodules 
(Plate I), each of which may harbour as many 
as 1198 freshly emerged females, at the peak of 
the plant and thus expose themselves to the 
action of wind for dispersal. Whenever a blade 
of grass touches the infested plant, the mites 
collect at its apex. In the same field, the mites 
migrate from one leaf to the other through the 
contact of the two. 

Seasonal history 

In the beginning of March, when the season 
warms up, the overwintered females become 
active and begin to lay eggs, the first generation 
being completed in about three weeks. Later 
generations follow in quick succession. Some 
individuals get carried to healthy plants through 
contact or by wind and they start fresh infes- 
tation. By end of April the pest is available 
on majority of the food plants mentioned above. . 
This is followed by a period of maximum activity 
up to July when the monsoon rains kill all stages 
except the eggs, which produce future progeny. 
After cessation of rains the mites multiply rapidly 
and again become a pest in September-October> 
With the fall in temperature after October the 
population gradually declines, till by the middle 
of December mostly gravid females remain, 
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whicli^ overwinter. These females feed and do 
sometimes lay eggs whenever the season becomes 
warmer. Tn all 32 generations are gone throngh 
dtiring the course of year and those during March- 
December overlap. 

The annual calendar of the activities of this 
pest is as under ; 

1. Quick multiplication on 

weeds, cabbage, knoll-khol and 
holly-hock ; migration to other 
plants. 

,2 May -mid, July — ^Activity at its zenith 
on large variety of plants especially 
cucurbits and other vegetables. 

3. M%d. July -August — Mites rare except 

the eggs, available on cucurbits 
and sweet potato. 

4. September-Octoher — Again active es- 

pecially on f.inda^ desi sem and 
pulses. 

5. Isommhef-mid, December — Population on 

decline, available on cauliflower, 
cabbage, knoll-khol and desi 

sem.. 

6. Mid. Decenther-Fehruary~-Mo&tly gravid 


. Table V ' . ; 

Sex ratio in T. cucurbitae S, 


Month 

No. of 
males 

No. of 
females 

January . 

1 

209 

February . 

27 

428 

March . 

243 

130 

April 

481 

285 ■ . 

May 

306 

323 

June 

338 

370 

^Tuly 

63 

81 

August 

85 

90 

September 

69 

84 

October . 

123 

90 

November 

25 

111 

December 

3 

166 


m : 99-5 
6' : 94 ■ 
65, : v35 
61 : 39 
49 : 51 

48 ■ . 1 . 52 . 

44 : 56 

49 ; 51 

46 : 54 

58 : 42' 

19 : 81 

2 : 98 


females on cabbage, icnoll-thol, 
liolly-hock and weeds. 

Parthenogenesis 

Partbenogenesis is common in this species 
also, the parthenogeneticallv developed progeny 
consisting of m.ales only. The fertilized females, 
however, give rise to a progeny, which has about 
80 per cent females. 

Se.x ratio 

The sex ratio is 50 : 50 from May to September. 
In October the number of males goes up, but 
gradually declines during the subsequent months, 
so much so that the males are practically absent 
durmg January. Due to the paucity of males 
during December- January the majority of females 
remain immated and reproduce parthenogene- 
tically during March -April and thus the 
male population is higher . during these 
months. 

Table V gives the sex ratio in different months. 
The counts were made on ten leaves of holly-hock, 
iitida, ghia-tori, or lady’s finger in the later half 
of every month. . 



Nature and extent or damage 

The im'tes suck plant sap with their stylets 
and their places of feeding appear as white spots 
on the leaf surface. With the increase in tlie 
intensity of attack the white spots increase in 
number and padually coalesce with each other 
fina,lly producing large patches. The leaves loose 
their green healthy colour (Plate II), graduallv' 
wilt, dry and fall off. This decreased vitality and 
leaf drop effect growth, flowering and fruiting 
and a poor or no crop results. In some of the 
host plants, especially desi sem (Canavalia en- 
sifm-mis), the damaged portions of the leaves 
become rust-red in colour. ' 

In severe cases of infestation, the web spun 
by these mites is profuse and very thick (Plate II) 
and covers the foliage on all sides. The dust 
particles blown by wind during May-June, when 
mite attack is at its w^orst, are deposited in the 
web. The web together with the soil particles 
smothers the leaves and this w’'as tested experi- 
mentally.: leaves of tinda (Citfullus vulgavis 
y&T. fistulosus) were infested with 25 gravid females 
in the beginning of June, in some cases the web 
spun by the mites was broken daily, while in 
others it was left to develop undamaged, and it 
was seen that the leaves dried in 19 days where 
the web was not broken and 28 days where the 
web was broken. In most of the cases the attacked 
plants do not bear any ixuit. 

Summary 

Telmnychus cmurhitae is the most seiious and 
commonest of the recorded plant mites. It has 
been collected from about 55 plants and because 
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of the wide range of its hosts, it is probably ex- 
tensively aistributed in the province. 

The technique for confining mites individually 
on the leaves is described and description of the 
immature stage is given. It is shown that the 
duration of oviposition, pre-oviposition and post- 
oviposition periods as well as that of egg and 
larval stages depends upon the season. During 
the active period (April-mid. October) the life 
cycle is completed in 4-8|- days in males 
and 5-10 days in females. The mated and un- 
niated females laid 61-93 and 33-69 eggs res- 
pectively and progeny from unfertilized eggs 
comprised of males only. The seasonal history 
calendar is given and it is shown that the damage 
by the pest is at its peak during May-mid. July 


and September-mid. October. The • pest has 
been observed to go tlirough 32 overlapping 
generations during the course of a year and the 
females predominate except during March-April 
and October. 

The pest is diatributed through freshly emerged 
females and mode of dispersal is described. The 
attacked leaves loose green colour, dry and fall 
off and the attacked plants bear no or poor fruit. 
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RELATIVE AVAILABILITY OF DIFFERENT NATURAL AND ARTIFICIAL 

phosphates IN CALCAREOUS SOILS 

By S. Das, D.So., Assistant Agricultural Chemist, Imperial Agricultural Research Institute, New Delhi 

(Received for publication on 13 December 1944) 

(With Plate III) 


Phosphorus is one of the most important of the 
principal plant-food materials in which Indian 
soils are usually deficient. Taking India as a 
whole there are sufficient indigenous supplies of 
phosphatic manures from all sources consisting of 
raw mineral phosphates, such as Trichinopoly 
nodules and apatite, bones, and fish guanos to 
meet the present demands, although there are 
isolated localities where the question of the supply 
of superphosphate appears to he important. The 
superior advantage of compound fertilizers like 
ammophos, diammonphos, leunaphos, niciphos, 
etc., recently appearing in the market under 
various trade names, is to be ascribed to their 
additional constituent of nitrogen besides phos- 
phorus. 

Calcareous soils in the Gangetic alluvium around 
Pusa in Bihar contain from 30 to 40 per cent of 
calcium carbonate. They are particularly 
deficient in available phosphates for most of the 
common agricultural crops and respond well to 
phosphatic fertilizers under suitable cultural 
conditions. Therefore, in order to. determine the 
relative availability of different natural and 
artificial phosphates, a series of pot experiments 
was carried out in the winter of 1933 with Pusa 


calcareous soil containing 33 per cent of calcium 
carbonate. 

Four pots of similar dimensions, 9 in. in dia- 
meter and 12 in. high, fqrmed a group and received 
aimllRr treatment. Bach pot contained kilos 
of air-dry soil and 16 per cent of moisture was 
maintained in the soil throughout the experi- 
ment. A basal dressing of potash and nitrogen 
was given to all the pots at the rate of 80 and 
100 lb. per acre as sulphates of potassium and 
ammonium respectively. Allowance was made 
for either nitrogen or potash contained in bone- 
meal, ammonium or potassium phosphate. 
Different phosphates were applied to different 
groups of pots at the rate of 50 mg. of P^Og per 
kilo of soil or 100 lb. of P 2 O 5 per acre. There 
was a group of control pots for comparison, where 
no phosphate was added. Bonemeal used was 
obtained by treating raw bones with a solution 
containing 1‘6 per cent caustic soda and 1 per 
cent common salt for 70 days and then crushing 
them fine after washing with water and drying. 
Apatite and Trichi-nodules were finely pulverized. 

Mustard was sown on 11 November 1933 and 
the crop harvested on 6 March 1934. The mean 
yields of grain are given in Table I along with 
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tlieir statistical cxammation by Fisher's [1932] 
analysis of variance. 


fim 
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Table I 

The rehtive availability of different phospha as 
reflected in the yield of mustard in a calcareous 
Pusa soil and their clmsiflcation on the basis of 
their yields 


I Group 

Piiospliatic fertilizerib' 

Mean 
yield 
in gm. 

Per cent 
increase 
over 
control 

I 

Control. . . . . 

6-05 


II 

xVliiminium pliospliate, AIPO^j, 

. 3HA) 

7-18 

19-0 


Apatite .... 

7-40 

22-3 


Trichi- nodules 

8-00 

32-2 


Bonemeal . 

S-28 

36-8 


Potassium phosphate, 

KH.PO 4 

8-40 

38-8 


Sodium phosphate, Na.,HP 04 , 
12H.0 

8-50 

40-5 

III 

Magnesium ammonium phos- 
phate, Mg NH 4 PO,, 6H.,0 

9-45 

o 6-2 


Iron perphosphate, FeP 04 , 
2HoO 

9-50 

57-0 


Dicalcium phosphate, CaHPO., 
2 H 2 O 

9-78 

61-0 

Ml 

Tricalcium phosphate, 

9-85 

62-8 

IV 

Ammonium phosphate, 

(NH4),HPG4 

12-40 

105-0 


Superphosphate 

13-75 

127-3 


= 0-817 
= 2-21 
= 1-65 


Standard error for comparison 
of mean yields . , 

Critical difference for 1 per cent 
Critical difference for 5 per cent 

From Table I it is evident that all the treated 
pots have produced higher crop returns than the 
control according to the quality of the phosphatic 
fertilizer employed. The differences in mean yields 
of grain between the control and every other treat- 
ment are highly significant being greater than the 
critical value of difference except in the cases of 
apatite and aluminium phosphate. The higher 
crop yields with these two fertilizers were not 
significant. Trichi-nodules give significant results 
for 5 per cent, and the rest even for one per cent 
level of significance. Superphosphate and 
ammonium phosphate give individually the most 
significant results over the rest, but between them 
there is no significance. Tlius, except apatite 
and aluminium phosphate, all the other phos- 
phatic fertilizers are made available in calcareous 
soils and can effectively supply the phosphatic 
nutrition of plants. 


The fertilizers may be classified into four broad 
groups according to the magnitude of the yields 
obtained, as shown in the first column of Table I. 

Eleusine em'acami (vernacular Tagi, mar'wa) wm 
grown as the next Man/ (summer) crop in 1934 in 
these very pots in order to study the residual effect 
of these fertilizers. Only nitrogen at the rate of 
50 mg. per kilo of soil as ammonium sulphate was 
renewed in all the pots, but no potash or phos- 
phates lyere added. Eight seeds of ragi were 
sown in each pot on 14 June 1934. A month 
after, the ragi seedlings were thinned to four in 
each pot. The rejected seedlings numbering 12 
from each group of pots were weighed in order to 
find out the variation in growth under different 
phosphatic fertilizers. The results are set forth 
in Table II. 


vl 


Table II 


Fresh weight of ragi seedlings of about four weeks^ 
growth under different phosphatic fertilizers 


Original treatment 

Fresh 
weight 
in gm. 

Per cent 
increase or 
decrease 
over 
control 

Control . . . . 

5-10 


Bonemeal . . . . 

9-60 

+ 88-2 

Apatite . . . . 

6-40 

+25-5 

Trichi-nodules . . . 

3-60 

-29-4 

Magnesium ammonium phos- 
phate 

4-40 

—13-7 

Tricalcium phosphate . . 

10-40 

+ 104-0 ' ■■ 

Dicalcium phosphate 

7-15 

+40-2 

Superphosphate . . . 

9-50 

+86-3 

xAmmonium phosphate 

15-30 

+200-0 

Sodium phosphate . 

21-25 

+316-7 

Potassium phosphate 

12-70 

+ 150-0 

Iron perphosphate . . 

3-70 . 

-27-5 

Aluminium phosphate . . 

7-15 

-i-40-2 


From Table II it is evident that except Triclii- 
nodules, iron and magnesium ammonium phos- 
phates, all the other phosphatic fertilizers have 
produced better vegetative growth than the 
control. All the water-soluble fertilizers except 
superphosphate have given the best residual, 
effect. Next comes in order the group represent- 
ing super, bonemeal and tricalcium phosphate, 
and last of ail are apatite, aluminium and dicalcium 
phosphates. 

This grouping of the fertilizers for the residual 
effect does not, however, exactly fit into their 
classification as shown in Table I for the primary 
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effect except in the case of tricalcium and ammo- 
nium phospiiates. Aluminium phosphate and 
apatite whose primaxy effect was not significant 
on the ifield of mustard, have shown an appreciable 
residual effect. On the other hand, Trichi- 
nodules, iron and magnesium ammonium phos- 
phates, whose primary effect was considerable, 
have not only failed to shoM^ any residual effect, 
but produced a lesser vegetative growth than 
even the control 

A photograph of. Mgi seedlings of about seven 
weeks’ growth taken on 4 August 1934 from 
representative pots is given in Plate III, fig. 1 . 
It indicates the variation in growth due to different 
phosphatic fertilizers from left to right in the 
order given in Table II . 

This variation in vegetative growth was not, 
however, reflected in the mean yields of grain 
given in Table III, when the crop was harvested 
on 24 September 1934. 

Table III 

The residual ejfeci of different phosphatic fertilizers 
as refleMed in the yield of ragi grain in Pusa 
Calcareous soil 


Original treatment 

Mean yield 
in gm. 

Percentage 
variation 
over - 

— 

Control ..... 

12*80 

control 

Bonemeal .... 

10-13 

2*0-9 

Apatite .... 

Trichi-nodules 

14-93 

16-6 

12-95 

1-3 

Magnesium ammonium phos- 

13-68 

7-0 

phate 

Tiicaloium phosphate 

21-68 

69-4 

JDicalcium phosphate 

16-25 

27-0 

Superphosphate 

19-35 

51-2 

Ammonium phosphate 

17-48 

36-6 

SocUiim phosphate . 

22-60 

76-6 

Potassium phosphate 

20-80 

62-5 

Iron phosphate 

1 20-30 

58-6 

Aluminium phosphate 

22-53 

76*0 


Standard error, for comparison 
of mean yields . . . =1*095 

. ^ Critical difference for 1 per cent =2*97 

Critical difference for 5 per cent =2*22 

From Table III it is evident that all the phos- 
phates except bonemeal have produced a higher 
crop return than the control. The differences in 
mean yields of grain between the control and 
every other treatment are highly significant 
being greater than the critical value of difference 


even for one per cent level of significance except 
in the case of bonemeal, apatite, Triclii -nodules, 
and magnesium ammonium phosphate. Among 
the latter, bonemeal gave altogether negative 
results when compared with the control and the 
rest slightly higher yields wliieh were not signifi- 
cant. Aluminium phosphate whose primary effect 
on mustard was not significant, gave about the 
best residual effect showing that it was rendered 
available in the soil after some lapse of time. On 
the other hand, Trichi-nodules, bonemeal, and 
magnesium ammonium phosphate, whose primary 
effect was appreciable, showed a marked deteriora- 
tion and produced a poor yield of ragi. Consider- 
able residual effect of the rest of the fertilizers is, 
however, manifested in the higher crop yields 
than the control. Iron and tricalciiim phosphates 
have uniformly maintained their good effect in 
both the crops. Sodium and potassium phos- 
phates have better residual effect than the primary, 
but the reverse is the case with super and ammo- 
nium phosphate. 

The solubility of phosphatic fertilizers in a 
2 per cent solution of citric acid is considered to 
be a measure of their availabihty in a soil It was 
determined in order to find out its relationship 
with crop yields, if any. The results are arranged 
in Table IV according to the increasing order of 
solubility or availability values of the phosphates. 

It is evident that no relationship is found 
between the yields of mustard or ragi grains at 
harvest and solubility or availability values given 
in the third column of Table IV. In the case of 
ragi, however, some relationship is exhibited 
between its vegetative growth at early stage as 
detailed in the last column and the solubility values 
of the last five fertilizers. This is not of course 
exactly proportional ; for, although the solubility 
values of these five manures are identical, the 
corresponding vegetative growth is not the same, 
but varies over a wide range. Even this relation- 
ship is not maintained at the time of harvest. 

These results, however, indicate that solubility 
is not the dominating factor of availability of 
fertilizers in a soil Biochemical activity of a 
soil, colloidal properties of the manures according 
to the hypothesis of Comber [1922], feeding 
power of plants, and base exchange phenomena 
along mth other unexplored factors perhaps play 
an important role in rendering the phosphatic 
fertilizers available to crops grown in a particular 
soil. 
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Table IV 

lielntiouHMp behrecn solubility values of various manures and crop yields in a calmreous soil 


Kind of phosphates applied 


Iron jihosphate 
Apatite . . . 

Triehi-nodules . 

Diealcium phosphate 
Siiperphosiihate 
Magnesium ammonium ph 
Aliimimiim phosphate 
Bonemeal 

Ihicaleiiim phosphate 
Potassium phosphate 
Ammonium phosphate 
8odinm phosphate . 


In order to test the conolusions with regard to 
the relative availability of different phosphatic 
fertilizers arrived at from pot experiments, field 
trials in the Punjab Experimental Area of the Pusa 
Farm were undertaken in the winter of 1934. 
Experiments were laid out in three adjacent 1/4 
acre plots, each of which was subdivided into 18 
equal sub-plots of 1/72 acre each measuring about 
30 ft. north to south and 20 ft. east to west. A 
basal dressing of potash and nitrogen at 80 and 
100 lb. per acre as sulphates of potassium and 
ammonium respectively was given to all the sub- 


l?*6r cent 
total 

i 

1 ■ 

Per cent of total j 
PoOr, soluble in | 

Per cent variation of 
grain ov^er control 

Per cent grow til 
variation of ragi 

PA), 

citric acid | 

MiLstard 

Ragi 

seedlings over 
control 

36*23 

11*20 

57*0 

58*6 

: ■' ' 

19*14 

12*08 

22*3 

10*6 

• 25*5 ^ 

19*74 

! 23*24 

32*2 

1*3 

—29*4 

36*13 

54*68 

01*6 

27*0 

40*2 

21*4() 

j 75*84 

127*3 

51*2 

86*3 

.32*48 

1 81*47 

56*2 

7*0 

—13*7 

38*37 

1 94*71 

19*0 

70*0 

40*2 

23*40 

09*49 

36*8 

■™-20*9 

88*2 

43*13 

1 100*00 

02*8 

09*4 

104*0 

52*17 

1 100*00 

38*8 

02*5 

150*0 

53*21) 

i 100*00 

105*0 

36*0 

200*0 

25*25 

1 100*00 

40*5 

\ 

76*6 

316*7 


plots, allowance being made for the amount of 
nitrogen contained in the case of bonemeal and 
niciphos. Phosphatic fertilizers were applied 4 
in. below the surface by deep ploughing at 100 lb. 
of P2O5 per acre according to the following plan 
based on controlled randomization of nine treat- 
ments of six replications each. . 

The treatments were control (G% apatite (A), 
bonemeal (B), disodium hydrogen phosphate (D), 
sodium metaphosphate (M), niciphos (N), sodium 
pyrophosphate (P), superphosphate (S) and Trichi- 
nodules (T). 
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Oat seeds were sowa on 3 November 1934 in 
30 lines east to west in each sub-plot at tbe rate 
of 40 lb. per acre. Owing to the paucity of 
germination there were gaps in certain lines, 
where seeds were resown. Twelve weeks after 
sowing, five representative plants were collected 
from each sub-plot. Thirty such plants thus 
taken from six sub -plots of each treatmont were 
bundled together, weighed and photographed. 
(Plate III, fig. 2.) 

The variation in vegetative growth as reflected 
in Plate III, fig. 2, is shown in Table V. 


Table V 


Fresh weight of oat plants of twelve -weeM^ grmetJi 
in plots under different phosphatic fertilizers 

Treatment 

Fresh, 
weight of 

30 plants 
in gm. 

Per cent 
variation 
over 
control 

C = Control . - • 

A = Ax)atite . . • 

B ~ Bonemeal . • • 

I) Disodium hydrogen phos- i 

phatc 

= iSodium meta}:)liosphate . 

N ~ Niciphos 

1* = Hodiiim jiyrophosphate 

S = Supeiphosphate . . 

T — ';f rich! -nodules 

890 

690 

720 

1,630 

2,900 
1,890 
1,420 
1,000 
■ 750 , 

— *22-5 
— 20-0 

4- 225*7 
+ 112*4 
4-60*0 
+ 12*4 
—15*7 . 


It then became of interest to know how this 
variation in vegetative growth was reflected in 
the grain at harvest. 

Daring harvest in March 1935, one row of plants 
from the surrounding border of each sttb-plot was 
rejected. Mean yields of grain are given in 
Table VI along with their statistical examination 
according to Fisher’s [ 1932 ] analysis of variance 

It is evident that the differences in mean yields 
of grain between the control and every other 
treatment are highly significant being greater 
than the critical value of difference even for one 
per cent level of significance, except in the case 
of indigenous phosphatic fertilizers, e.g. apatite, 
Trichi-nodules and bonemeal. Apatite and Trichi- 
nodules gave negative results and bonemeal 
hardly better yield, when compard with the 
control. Of the manures which have produced 
significantly better yields than the control, 
sodium metaphosphate heads the list with 31 per 
cent increase, and the rest give almost the same 


Table VI 


Meayi yields of oats grain in field experiments with 
Piisa caleareoiis soil under various phosphatic 
fertilizers 


Treatment 

IMean 
yield 
in lb. 

Per cent 
variation 

OVtU' 

control 

C = Control 

24*50 , 


A — Apatite 

23*75 

• — “ 3*1 

B — Bonemeal 

25*00 

4 '- 2*0 

D— Disodium hydrogen phos- 

30*13 

+ 23*0 

phate 1 

M — Sodium metaphosphate . 

32-18 ! 

4 - 30 * 9 , 

N Niciphos 

30*88 

, , - 1 - 26*0 . 

P === Sodium pyrophosphate . 

30*73 

' 4 - 25*4 

S = Superphosphate 

, 30*73 

+ 26*2 

T = TricM- nodules . 

21*80 

— ll *() 


Standard error for comx>arisoii of 
mean yields . . • * = 

Critical dilference for 1 per cent . = 5-61 

Ciitieal difference for 5 ].ier cent . 4‘19 

increase ranging from 23 to 26 per cent over the 
control. In pot experiments, how^ever, with 

mustard, the primary effect of Trichi-nodules and 
bonemeal on crop yield was significant but not 
the residual effect, whereas apatite gave no signi- 
ficant yield. In the present instance, metaphos- 
phate gave the best vegetative growth and the 
indigenous phosphates less growth than even the 
control. This is fully reflected in the grain too. 
With regard to the rest of the phosphatic fertilizers, 
the differential vegetative growth at the early 
stage of the oat plants given in Table V is not 
reflected in the grain at harvest. For, all these 
phosphates give almost the same crop yield as 
shown in Table VI, which are, however, quite 
significant, when compared with the control. 

It would thus appear from the cropping results 
of pot and field experiments that indigenous 
phosphates like bonemeal, apatite and Irichi- 
nodules proved very refractory in calcareoius soils 
and were not rendered available to plants in field 
trials, whereas the last two became somewliat 
available in their primary effect in pot experi- 
ments with mustard, but their residual effect with 
ragi was not significant at all. Iron and alumi- 
nium phosphates which are normally taught to 
be unavailable to plants, proved quite useful as 
phosphatic fertilizers, the latter showing better 
residual effect than the primary. Sodium meta- 
and pyro-phosphates, the two new products 
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prepared in tlie laboratory, stow great promise 
as pliospliatic fertilizers for cal^ soils. 

Metapliospliate proved the best of all the phos- 
phatic fertilizers tried in the present experi- 
ments. The eifect of the remaining phosphates 
both in pot and field experiments is quite 
appreciable. 

Summary and general conclusions 

A series of pot experiments in a highly calcareous 
Pusa soil was conducted with indigenous phos- 
phateslike bones, apatite, and Trichi-nodules as 
well as artificial phosphates of iron, aluminium, 
calcium, magnesium, sodium, potassium and 
ammonium. 

The cropping results with mustard showed 19 
to 127 per cent higher yield of grain than the 
control according to the quality of phosphatic 
fertilizers used. The fertilizers could be classified 
into four broad groups according to the magnitude 
of yields obtained. 

Eleusine coracana (vernacular mgi^ manm) was 
grown as the Jcharif (summer) crop in the same pots 
in order to study the residual effect of these 
manures. Iron and aluminium phosphates which 
are normally taught to be unavailable to plants, 


proved quite useful, the latter showing better 
residual effect than the primary. 

The examination of solubility or availability 
values of these manures by extraction with 2 per 
cent citric acid solution showed some relationship 
between them and crop growth of ragi at its early 
stage only with five of these manures, but such 
relationship was finally non-existent, when the 
respective crops were harvested. Solubility is 
not, therefore, the dominating factor of availability 
of phosphatic fertilizers in a soil. 

Field experiments with oats showed that 
indigenous phosphates like bonemeal, apatite and 
Trichi-nodules prove quite refractory in calcareous 
soils and sodium meta- and pyro-phosphates, 
newly used as phosphatic fertilizers, show great 
promise in calcareous soils. The metaphosphate 
proved the best of the remaining phosphates tried, 
e.g. niciphos, superphosphate, sodium phosphate 
and sodium pyrophosphate, all the latter giving 
almost identically satisfactory crop yields. 
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GERATOSTOMELLA DISEASES OF PINEAPPLE 

By S. Chowdhuey, Plant Pathological Laboratory, Sylhet, Assam 

(Received for publication on 14 December 1944) 

(With Plate IV and five text-figures) 


Pineapple [Ananas comosus (L.) Merr.] (=Al. 
sativus Lindl.) is grown extensively in the Surma 
Valley and the Hill Districts and its cultivation 
is extending to new land every year. Three 
diseases of this crop due to Ceratosiomdla paradoxu 
(de Seynes) Dade [ =Thielaviopsis paradoxa 
(de Seynes) v. Hohn,] have been found wide- 
spread and occur’ throughout the pineapple 
growing tracts. These diseases are : leaf-spot, 
base-rot and fruit-rot. Careful survey and investi- 
gations made during the last four years have 
revealed that leaf-spot causes negligible damage, 
base-rot destroys 4 to 10 per cent of the plants 
and fruit-rot 3 to 15 per cent of the fruits. Fruit 
rot has been found to do more damage in storage 
and during transit than in the fields, The local 


Joldhup variety has been found more susceptible 
to fruit-rot than the imported varieties, G-iant 
Kew and Queen. During transit, in a few cases, 
Joldhup variety has been found to lose more than 
50 per cent of the fruits. 

Mehta [ 1940 ] reported a stem-end and soft-rot 
due to (7. paradoxa in pineapples brought to the 
Cawnpore' market from Gorakhpur in the United 
Provinces. There is no other mention of the 
occurrence of these diseases from any other part 
of India. In other countries these diseases have 
been noted from an early time. Larsen [ 1910] 
noted these in Hawaii, Patterson et al, [ 1910 ] in 
the United States of America, Koldan [ 1925 ] in 
the Philippine Islands, Dickson [ 1929 ] in 
Australia, Boedijn [ 1929 ] in Sumatra, Johnson 
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[ 1931 1 in the Antilles, Central America and 
Puerto Rico, Shepherd [1936] in Mauritius 
Parham [ 1935 ] in Fiji, Bell [ 1936 ] in Queensland 
and Tranb and Robinson [ 1938] m Mexico. 
Thus it is manifest that these diseases are quite 
w-ide-spread. Even in India, careful surveys are 
likely to show that they are prevalent m more 
locixfities than we know at present. 

Symptoms of the diseases 

(i) Leaf-spot. The spots appear on any part of 
the leaf. ‘ Thov vary considerably as regards size, 
shape and colour. Many are large and white and 
are noticeable from a long distance while others 
are small and inconspicuous. In typical mature 
spots there is a straw coloured central area sur- 
rounded bv a dark margin. Very often there 
is a dark center within the straw coloured area or 
dark blotches due to the formation of the black 
macrospores within the tissue. The internal 
tissue is soft and decayed at first but this soon 
dries out leaving the injured area dry and shrunken. 
In early stages the spots may be olive brown in 
colour and fairly regular in outline or they may be 
white and irregular from the start. ' 

(ii) Base-rot. Pineapple suckers sometimes fail 
to develop normally after planting out. Such 
plants remain more or less at a standstill and 
cease to produce new' growth. Later a yellowing 
and withering of the leaves commence and the 
sucker eventually dies. The plants exhibiting 
these symptoms wdlLbe found to be loose in the 
ground” and closer examination will disclose 
black area of rot invading the base of the stem. 
The rot gradually extends until the whole of the 
lower part of the” sucker together with some of the 
lower leaf bases ftiay be involved. The plant is 
then liable to break off at the ground level. Older 
plants are also sometimes affected with this 
trouble, the symptoms being very similar to those 
described above. 

(iii) Fruit-rot. The fruit tissue when affected 
takes on a water-soaked appearance, becomes a 
shade darker yellow than the normal tissue and 
has a characteristic odour. It is very soft and 
juicy even in the early stages of decay, and be- 
comes so thoroughly disintegrated that it yields 
to the shghtest pressure. Another and perhaps a 
more accurate means of distinguishing the rot is 
a black discolouration that takes place on the 
surface of diseased tissue when this has been 
exposed to the ajr, This black discolouration 


consists of the dark coloured niacrospores of the 
fungus. They develop so freely that the entire 
exposed surface becomes quite black in appearance. 

In advanced stages of the rot they may ^occur 
within the fruit especially along the core, but in 
most cases it is necessary to cut open the pine- 
apple and expose the affected tissue to atmos- 
pheric conditions for about 24 hours before the 
black spores become apparent. In the final stages 
of rot, when the fruits are going to pieces, the 
whole fruit becomes covered ivith these spores. 
Plate IV shows the symptom of the disease. 

PaTHOGENECITY' 

The following inoculation experiments were 
carried out by the pure culture of the fungus : 

({) Leaves. ' A large number of leaves were 
selected. They v/ere either wounded by sterile 
scalpels or left without wounds. The spores of 
the fungus were then either _ sprayed on their 
surfaces or bits of culture containing the. mycelium 
and spores of the fungus placed at the wounded 
or other selected unwounded places. Lea,ves 
wounded before inoculation only took infection. 
On uninjured tissues the fungus grew under moist 
conditions but could not penetrate the leaf. It 
appears therefore that in the field, infection takes 
place through surface wounds made by insects 
and by the spines and sharp edges of the neigh- 
bouring leaves. 

(ii) Base. Seventy crowns ivere inoculated with 
the fungus by injecting the fungus into the tissue 
at the base of the crown. Every one became 
affected with base-rot. When the fungus was 
applied over the surface of the tissue the plants 
were also affected. It was further demonstrated 
by experiments that infection may take place 
directly from the fungus that is present on the 
surface of the tissue at the time of planting. In 
the preliminary experiment successful infections 
were also obtained simply by inoculating the soil 
before planting. Therefore it is evident that the 
fungus present in the soil about the planting 
material may be responsible for infection. W hen 
the rot sets in before the cuttings are planted the ; 
infection takes place from fungus spores that 
happen to lodge towards the base of the planting 
material and which by virtue of moist conditions 
are induced to germinate. 

(iii) Fruit. Both green and ripe iruits were 
subjected to infection. Fruits to be inoculated 
were disinfected with 1:1000 mercuric chloride 
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, solutioji and tiien vvashed tlioroiigUy with sterile 
water. Tlie fruits were then either sprayed with a 
' spore suspension of the fungus or spores and hyphae 
of the fungus (bits of culture) applied at selected 
places on the wounded and unwounded surfaces 
of the fruits. The inoculated fruits were kept in 
uioist chambers. From two to five days after 
inoculation the inoculated fruits showed the 
' characteristic symptoms of the disease. 

Inoculation experiments carried out on fruits 
’ have conclusively proved that the fungus is 
capable of infecting pineapple fruits with and 
witLoiit the help of wounds. It has further been 
brought out that the fungus can affect green pine- 
apple as readily as the ripe one. 

It was observed that when spore suspensions in 
sterile water were sprayed over the fruits in each 
case typical soft rot developed not from any single 
point in the surface as was the case when the 

t fungus had been inoculated into a puncture but 
over the entire fruit at once affecting the tissue 
adjoining the surface and travelling gradually 
V> towards the centre. The point of infection in 
'' such cases seems to be in the crevices between the 
individual fruits or berries w'hich make up the 
I pineapple, for on examining the fruits infected by 

( surface inoculation it was found that the rot had 
;; invariably proceeded from the bottom of these 
^ crevices into the surrounding tissue. 

Such is probably the usual avenue of entrance 
,.4 followed by the fungus in attacking fresh fruits 
during transit or in storage. The transpiration 
;■ from the fruits produces a moist atmosphere which 
readily permits spore germination and consequently 
surface inoculation takes place. The cut end of 
^ ' the stem also affords an avenue of entrance for 
* the fungus under these conditions. 

I ^ In the field much of the infection takes place 
'3 through wounds in the fruit surface such as insect 
4 " punctures, sun scald, fruit cracks and injuries 

inflicted by animals or implements during the 
! various field operations. The dry atmospheric 
• condition in the field prevents surface inoculation 
vr to a large extent. Only the very base of the 
fruit it seems affords such conditions as make 
surface infection in the field possible. At the 
"1 base of the fruit a chamber is formed between the 
I, bracts on the stem and the base of the pineapple 
'^1 b;- and tlie fungus spores which lodge here are protect- 
ed from the sunlight and are often surrounded 
with sufficiently moist atmosphere to permit of 
their germination. 






Causal. OEGANiSM 
(a) Growth in culture 

The fungus was grown on a large iiumber of 
media ; potato-dextrose agar, oat meal agar, 
pineapple decoction, maize meal agar, pineapple 
fruit cylinders and steamed pineapple leaf. On 
all these substrata the fungus showed good growth. 
The cultural features of the fungus on all these 
various culture media did not differ greatly. Tlie 
predominant snowy white growth of the cultures 
24 hours old turning to grayish green, dark green 
and finally black as they became older was the 
conspicuous character of the fungus. The produc- 
tion of microconidia in cultures 24-48 hours old, 
followed later by the formation of macro- conidia 
was observed to take place in all cultures. The 
fungus showed such rapidity of growth in all 
cultures that the entire surface of the substrata 
was covered with the fungus growth after four 
days. The fungus however showed a tendency to 
produce less profuse growth on steamed pineapple 
leaf than on the other media, 

{b) Microscojne feat^^^^^ 

Myceliwni, TDxq mycelium of the fungus is 
hyaline, granular with a greenish tint frequently 
branched and septate. It becomes ragged and 
thick- walled with age. The breadth of the hyphae 
ranges from 2*5 to 10‘5p. 

Gonidiofliores, The conidiopliores are of two 
types (Figs. 1 & 2). One bears macro-conidia and 
the other bears micro-conidia. The conidio- 
phores bearing macro-conidia are more or less 
club-shaped, septate, hyaline and sometimes 
granular. The number of septa varies from one 
to three. The length measures from 21*9 to 73-2 p.. 
They produce from 2 to 40 conidia in chains. 

The conidiophores bearing micro-conidia are 
hyaline or may be granular tinged with light 
green colour. Their form is very characteristic. 
The basal portion is swollen but abruptly con- 
stricted at the point of attachment to the 
mycelium and tapers towards the apex presenting 
a candle-stick shape. The micro-conidiopliores 
arc septate. The septation varies from 2 to 13. 
The frequency of. septation depends upon the 
length of conidiophores. The conidiophores vary 
from 34*9 to 250 p in length. The micro-conidio- 
phores produce two types of conidia which form 
chains of from 2 to 75. 

B 2 
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Both the Diacro- and micro-conidiophores nnay 
be produced laterally from the same mycelium. 


the other forming chains. The hyaline micro- 
conidia are produced more profusely and in chains 


Fig. 1, Micro-coxiidiophorcvs ; 

„ 2. Macro- conidiophores ; 

„ 3. Macro-conidia ; 

,, 4. Micro-conidia (light brown) ; 

„ 5. Micro-conidia (hyaline) 


Macro-conidia, The macro-conidia (Fig. 3) are 
light to dark brown, smooth, ovoid or ellipsoidal, 
having thick walls. They are provided with 
strongly refractive contents and very often with 
one or more large vacuoles. The macro-conidia 
pushed up from the conidiophores when new 
spores are produced below and finally form chains 
consisting of as many as 30 spores. The size of 
the macro-conidia ranges from 14-19 X 10-14 g. 
On some media they form in such great profusion 
that they give the media ah almost jet black 
appearance. 

Micro-conidia. The micro-conidia are of two 
types (Figs. 4 & 5) and can be easily distinguished 
from each other on account of the sizes, form and 
colour. One is light brown and the other is 
hyaline. Both forms of micro-conidia are borne 
on the same kind of conidiophores. 

The micro-conidia of light brown colour are 
barrel-shaped or ovoid, rarely cylindrical with 
wall varying from 9*4-19x4-6 [i. 

The hyaline micro-conidia are cylindrical with 
thin wall varying in size from 9-12X3*5-5 p. 

Both types of micro-conidia are formed in the 
same manner. They develop inside the hyphal 
cell of the conidiophores and are ejected one after 


of from 2 to 75 while the coloured micro-conidia 
are from 2 to 50 in a chain. Sometimes both 
forms of micro-conidia occur in the same chain 
interspersed promiscuously with one another. 


Spore germination 

Both forms of micro-conidia gnrminate after 
5-8 hours in water or in any moist nutrient media. 
The germination of both forms of micro-conidia 
gives rise to the formation of hyaline germ tubes 
at the ends, a little below the ends or at the middle 
of the cell. In most cases the germ tubes 
developed readily into conidiophores producing 
micro-conidia in chains. 

The macro-conidia germinate less readily than 
the micro-conidia ; usually they germinate after 
24 hours. They produce on germination hjaline 
germ tubes with swollen bases. The germ tubes 
were found to occur only at the middle of the cell 
and not to produce conidia immediately as the 
micro-conidia on germination. 


Perpetuation and dissexMination 
The fungus is a facultative parasite and survives 
in the soil, on dead roots and crowns, leaf trash 
or ripe fruits of pineapple. Experiments conducted 
have shown that the fungus is killed by one 
hour’s exposure to sunlight when grown on solid 
media but when grown on liquid media several 
hours’ exposure is necessary. Under field condi- 
tions the fungus is not usually exposed to direct 
sunlight and as such it has practically no chance 
of being killed by being exposed to direct sunlight. 

The fungus is disseminated by insects,, wind, 
man and planting material. 


Summary 


Three diseases of pineapple (Anana6‘ comosus 
= A. sativus) due to Ceratostomella paradoxa 
(= Thielaviopsis paradoxa) have been noticed 
throughout the pineapple growing tracts in the 
Surma Valley and the Hill Districts. These 
diseases are : leaf-spot, base-rot and fruit-rot. 

The symptoms of the diseases are described. 

Inoculation experiments were carried out witl, 
pure cultures of the fungus and the pathogenecity 
established. It was found that the fungus could 
not infect uii wounded leaves but both ripe and 
green fruits were equally susceptible to infectioi 
without the aid of wounds. 





'mptonis of the disease : Heart rot of young pineapple j)lantings — (a) Healthy ; (b) and (o) diseased 
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The ftingiis was grown on a large number of 
media and its morphology studied. 

Methods of spore germination and modes of 
perpetuation and dissemination were studied. It 
was found that the fungus survives in the soil, on 
dead roots and (nowns, leaf trash and ripe fruits. 
The fungus is disseminated by insects, wind, man 
and through infected planting materials. 

, REFEEENGES ' 

Bell, A. F. (1936). Report of the Division of Entomology 
and Pathologv. Mep. Bur, Sug. Bxj). Sta, Queensland 19Sr5, 

V:,.19-2.7 - 

Boedijn, K. B, (1929), Beitrag zur Kenntnis der Pilzflora 
von Sumatra. bot. Neerlandais, 26, 396-439 

Dickson, B. T. (1929). Division of Economic Botany : Some 
present activities. J. Conn. sci. <Cr in4us. Aiistmlia, 2, 
94-97 


Johnson, J. R. (1931). Enfermeda des y plaqas de la Pina 
en la America tropical. Rev, Agric. Puerto Rico, 26, 4-11 
Larsen, L. D. (1910). Diseases of the pineapple. Hawaii. 

Sug. Plant Ass. Ex 2). Bia,, Path. Ser. Bull. 10 
Mehta, P. R. (1940). Stem-end rot and soft-rot of pineapple 
in the Xhiited Provinces. Chirr, Bci. O, 330 
Parham, B. E. V. (1935). Annual Report of general 
mycological and botanical work for 1934. Ann. Bull, Dep. 
Agric, Fiji, 6^-0 

Patterson, F. W. and Charles, V, K. et al. (1910). Some 
fungns diseases of economic importance, II. Pineapple rot 
caused by Thielaviopsis paradoxa. U. S. Dep. Agric., Bur. 
PL Mis. Bull. 171, 15-^8 

Roldan, E. F. (1925). The soft-rot of xhneapple in the 
Philippines and other countries. Philip. Agric. 18, 397- 
405 

Shepherd, E. F. S. (1935). Botanical and Mycological 
Division. Repi. Dep. Agric. MamUms lOSi, 19-21 
Traub, H. T. and Robinson, T. R. (1938). Improvement of 
sub-tropical fruits other than citrus. 'U. B. Dep. Agric. 
Yearb, Sep. No. 1589, 77 


HEART OR STEM-ROT OF PINEAPPLE 

By S. Chowdhuky, Plant Pathological Laboratory, Sylhet, Assam 

(Received for publication on 14 December 1944) 


Throughout the pineapple [Ananas eomosus (L.) 
Merr.] { = A. saiivus Lindl.) growing tracts of 
the Surma Valley and the Hill Districts, young 
pineapple plants have been found susceptible to 
a destructive disease known as the heart or stem- 
rot. Diseased plants die with the partial or 
complete destruction of the meristematic tissue 
of the stem. A careful survey made over the 
pineapple growing tracts during the last four 
years has revealed that the distribution of the 
disease in the different fields is highly sporadic, 
certain fields losing from 7 to 25 per cent of 
their plants and others losing none. It has 
also been noticed that the disease develops under 
damp water-logged conditions and is observed 
usually during the rains. 

The disease has not so far been reported from 
any other part of India but it has been found 
quite prevalent in other pine growing countries. 
Henricksen [1905] noted this disease in Puerto 
Rico, Larsen [1910] in Hawaii, Ashby [1920] 
in Jamaica, Simmonds [1929] in Australia and 
Barnett [1931] in New South Wales. 

SYMinDMS OF THE DISEASE 

The disease is characterized in the early stages 
of infection by loss of turgidity and a slight 
twisting of the central leaves and in later stages 


by the withering and discolouration to yellowish 
pink and ])rown. In both early and advanced 
stages the inner whorl of leaves can be readily 
detached from the stem by a slight pull, the 
basal tissues of all such leaves having undergone 
either a partial or complete disintegration. 
Natural falling of these leaves is a frequent late 
symptom. The stem may also show either a 
partial or complete disintegration with a charac- 
teristic brownish yellow discolouration at the 
margins between healthy and diseased tissues. 
The initial infection may appear at the apical end 
of the stem, at the base of some leaf, at the basal 
end of the stem or at the axillary or main roots. 
The infected tissues soon undergo decomposition, 
Plate V showy's the symptoms of the disease. 

Identification of the pathogene and 

INFECTION EXPERIMENTS 

A large number of isolations were made from 
diseased materials collected from the different 
pinea.pple growing tracts, A species of Phylo- 
pJitJiora was always obtained in culture and all 
the isolates were found identical. 

The morpholgical characteristics of the fungus 
were studied in culture and were found to agree 
with the description given for PhytophtJiora para- 
sitica by Dastur [1913]. The fungus is therefore 
identified to be a strain of P. parasitica Dastuiv 
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Infection exporiineuts were cariied out liy 
placing bits of pure culture of the fungus at the 
tiase of the leaves, on the stem or on the roots 
of the host. Such infection experiments were 
repeated many times. Ninety-seven per cent 
of the inoculations were successful and the plants 
inoculated developed typical symptoms of the 
disease. Re-isolations were made and the tungus 
recovered in all cases. Controls kept remained 
healthy. 

(\)NTllOL MEASUKES 

For control of heart or stem-rot providing the 
best drainage and avoiding wounding the planting 
material appear good precautions. In most cases 
heart rot attacks weak planting materuls which 
should therefore he avoided. Mehrhch 11931J 
found that dipping the planting material m a 
verv heavy Bordeaux (one pound copper sulphate 
crystals ; one pound hydrated lime ; three gallons 
of water) gave good control. This and a few 
other concentrations of Bordeaux mixture 
50 4 : 4 : 60 and 5:5: 50) were given a 

wide trial by the author but the concentration 
suggested by Mchrlich has given the best 
results. 


■ Summary 

Heart or stem-rot of pineapple has been found 

to be a serious disease in the pineapple growing 

tracts of the Surma Valley and the Hill Districts. 

The symptoiiis of the disease have been 

The disease has been found due to Phyto})hth^ 
pamsitica Dastur. Pathogeneeity has been es- 
tablished by infection experiments. __ 

The disease, can be controlled by providing the 
best drainage, avoiding planting of weak materials 
and the dipping in of the planting material m 
a heavy Bordeaux mixture before planting. 
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CONTROL OF CERCOSPORA BUGWt OF TIL 

Bv S. Chowdhuby, Plant Pathological Laboratory, Sylhet, Assam 


(Received for publication 

Til iSe-mnum orientaU L.) is grown extensively 
throughout Assam. Agricidtural Statistics oi 
Assam for the year 1942-43 report 342,906 acres 
under this crop in the province. A survey made 
during the last four years has shown that tbe 
only serious disease from which this (irop suffers 
is a blight due to Cercospora sesami Zimm. and 
that this disease causes considerable monetary 
loss every year. Figures collected show that the 
yield is reduced 4-5 to 12 per cent due to this 
disease, in some cases the yield has been reduced 
even 21 per cent. It may safely be stated that 
on an average 5 per cent of the yield is reduced 
■eveiy year due to this disease. Taking <> md. 


on 14 December 1944) 

as the average yield of Ul per acre the loss 
work out to he 85,741-5 md. per year or Rs. 8,o7,4] 0 
per annum under the prevailing prices. 

As the disease is a serious one a systematic 
study of the trouble was undertaken m 1940. 
A paper dealing with the physiology of the causal 
organism lias been published by the author [1944J. 
In the present paper the methods of perpetuation, 
dissemination and control of the disease are pre- 
sented. 

Perpetuation op the disease 
(i) Seed transmisaioit. A large number of seed 
samples' collected from diseased crops wei-e 



ezamined and it was found was 

present to a maximum extent of 27 per cent 
internally m samples. Seed saved from 

diseased crops were surface steriliised with 1 : 1000 
mercuric cliloride solution .and then after careful 
washing with sterile water plated on oat agar. 
The fungus was obtained in culture in 50 per cent 
of the cases. Seeds saved from diseased crops 
were sown and diseased crops alw«ay.s obtained. 
From these experiments and observations it may 
be concluded that the fungus persists in the seeds. 
Doran and Guba [1928] obtained no evidence 
that carotin was carried on the seed. 

Klotz [1923], Lehman [1934], McKay and Pool 
[1918], Stewart [1910] and Wolf [1916] have cited 
evidence indicating that se^l transmission occurs 
with species of Cercospora affecting celery, beets, 
dill, soybean and peanuts. 

(ii) Pm?‘sifencc in the soil. Persistence of the 
fungus in the soil was investigated. Infected 
Sesammn leaves were collected in July 1941 and 
placed in wire containers. Some of thes^ were 
placed on the surface of the soil, some 4 in. and 
some 6 in. deep. These containers were removed 
• in May 1942 and typical Cercospora lesions were 
secured in plants inoculated with water suspensions 
of the decayed leaves. It is evident therefore 
that the parasite can persist in the plant debris 
left in the soil. Doran and Guba [1928] have 
reported that Cercospora carotxie hibernates in 
dead leaves of carrots in or on the soil. Klotz 
[1923], Nagel [1938] and Pool and McKay [1916] 
found that other parasitic members of this genus 
over-winter on the dead leaves of their hosts. 

From what has been stated above it will appear 
that the disease can be carried over through 
infected seeds or infected plant debris lying in the 
soil or both but experiments and observations 
made during the last four years have revealed 
that the disease is principally and primarily carried 
through infected seeds. 

Dissemination in the field 

Observations indicate that wind is the probable 
agent of dissemination of the disease in the field. 
The prevailing wind is from the west and during 
harvest it has been noticed that the plants along 
the east side of a field are more severely blighted 
than those on the west. Sufficient inoculum 
apparently is carried by the wind to increase 
infection on the east side. Also when there are 
fields of young Sesamuni on the ep,st and west 


sides of a field of older badly infected 
the former in the eavSt field are more heavily 
infected. Agar plates were exposed for 3 min. 
at 10, 100 and 300 ft. distant from the leeward 
side of a field badly affected with Cercospora leaf 
blight. The fungus was recovered from the air 
at all three locations. Klotz [1923], Pool and 
McKay [1916], Roldan and Qiierijero [1939] 
and Wolf [1916] have reported that wind is an 
important agent in disseminating the species 
of Cercospora attacking celery, peanuts and 
beets. 

CONTEOL MEASUEES - 

Studies so far made have conclusively proved 
that the disease is principally and primarily 
carried through infected seeds. Several treat- 
ments were therefore applied to Sesammn seed 
to determine those that might be used without 
seed injury and would be effective in controlling 
the disease. Mercuric chloride (1 : 1000 for 5 
min.) cuprous oxide dust, malachite green, copper 
sulphate, agrosan and formalin dusts were tried 
but none were found appreciably effective in con- 
trolling the disease. Hot water treatment as 
suggested by Nusbaum [1941] was therefore 
tried. Virtually complete control was effected 
by 30 minutes’ immersion of the seed in water 
heated to 128°P. This was found effective in 
destroying the inoculum that was borne inter- 
nally while surface liorne inoculum was eliminat- 
ed by treatment for the same period at 118°F. 
It was also found that one year’s storage freed 
the seeds from superficial infection hut the fungus 
still persisted in the interior. The practical utility 
of the hot water treatment was demonstrated on 
large scale plantings in 1943 and 1944. 

Summary 

Cercospora blight of til {Sesammn orientale) due 
to Cercospora sesamd is a serious disease in Assam. 
Figures collected show that the yield is reduced 
4-5 to 12 per cent due to this disease ; in some 
cases it is. 21 per cent but the average comes to 5 
per cent. 

The disease is perpetuated through infected 
seeds and i)lant debris lying in the field. 

In the field the disease is disseminated by wind. 

Seed treatments by chemicals have not been 
found effective in controlling the disease. Hot 
water treatment has given very satisfactory results 
on a field scajCf 


CONTROL OF OBBCOSPoBJL mmm OP ra 


142 


[XV 





THE INMAN JOUENAL OF AGBICULTUEAL SCIENCE 


REFERENCES 

C'how<lhui-v, S. (liWi). IBhysiology o{ Gercospom -nsarni 

j. Iiidiffti' bott Soo. „!• i ^ it > /^+ 

Doran. W. H. and Cuba, E. F. (1928). 

of rariots in Massachusetts. Mass. agnc. Exp. m. EuU. 

24*i 

KJotz, L. J. (1923). A study of 

Cnroiipora cqyplL Mich. ague. hxp. bta. Tech. Bull. 6S 
I.ebman, S. G. (1934). Frog-eye {C ercospora dtazu Miuvsi) 
on stems, podn and seed of soybean and the relation oi 
the.se infection to the nicurrenoe of the disease. J. ggne. 
AV.S’. 48, 131-47 


McKay, M. B. and Pool, V. W ( 1918). Field studies of 

Cercos’pora heticola. Phgtopath, 8, 119-35 _ 

Nagel, C. M. (1938). The longevity of CViro. ‘/rim- bHi-oia 
in soil. Phylopath. 28, 342-49 ^ + 

Nusbaum, C. J. ( 1941). The role ot hot w^er seed treatment 
in the control of Cercospora blight of .Beune. 1 hyfoputh. 
31 770 

Roldan, E. F. and Querijero, A. F. (1939). Black spot of 
peanut. Philip. Agrin. 27, 669-79 
Stewart, F. C. (1910). Notes on New York plant diseases. 

Neiv York (Geneva) agric. Exp. Sta. Bull.SSa 
Wolf, F. A. (1916), Further studies on peanut leat spot, 
J. agric. Bes. S91M02 


THE FUNGI OF BURMA 

By D. Ehind, I.A.S., Economic Botanist, Burma, and L. N. Seth, Mycologist, Burma 

(Keceived for publication on 12 January 194o) 


The fungus flora of Burma is ricli and varied on. 
account of the varied climatic conditions of the 
country. The first collection of Burmese fungi 
was made by Kurz, Curator of the Royal Botanic 
Gardens, Calcutta, about the year 1870 and a 
further collection was made by E. J. Butler, 
Imperial Mycologist, about the year 1912. Myco- 
loMcal work in Burma commenced in 1923 and 
the major portion of this work was devoted to the 
study of fungi responsible for the diseases of 
economic plants. During the course of tours, 
fungi found on wild plants, doad wood and the 
ground were also collected and added to the her- 
barium. The commoner fungi were examined and 
identified at the mycological laboratories at the 
Agricultural Research Institute, Mandalay, and 
the others were sent from time to^time to the 
Imperial Mycological Institute, Kew, or the 
Imperial Mycologist, India, for identification. 
We are indebted to the various officers of these 
Institutions for their ready assistance. 

At the time of the evacuation of Burma, in 
April 1942, the mycological herharium consisted 
of over 700 specimens and of these about 200 
still remained not fully named. Some of these 
unidentified fungi were no doubt of much syste- 
matic interest as some of these could not be placed 
in any of the known genera. For example, there 
was a specimen closely agreeing with MacTOfhonui 
but with the difference that there were clusters 
of hyaline appendages at each end of tlm sppres. 

The list given below does not pretenti to be a 
complete record of all the fungi so far ■ collected jn 
Burma and undoubtedly the collection wa^ yPW 
incomplete. The list has been composed partly 


from personal knowledge but mainly from various 
publications, the list of which is given. The 
of most of the laboratory records and herbarium 
material has been a serious hinderance^ but lest 
further information disappear this partial list is 

now published. " 

We are grateful to Dr B. B. Mundkur of the 
Imperial Agricultural Research Institute, New 
Delhi, for various suggestions in the preparation 
of this paper. 

Archimycetes ■ 

Spongospom subiermnea (Wallr.) Johns. ^ 
bn tubers of Solammt fube}mm)hy 

Phycomvoetes 

Oo}pycele& 

Allomyees arhisculus Butler 

In soil from a pond, Rangoon 
Allomyees cyslogenus Emerson 
In soil from a pond, Rangoon 
Allomyees javanicus Kniep 

In soil from a pond, Rangoon 
Oystopus bliti (Biv.) de Bary , 

On leaves of Amamnthus sj)., Moulmein 
Cyslopus cmiilidiis 

On leaves of Bnissica eampestns, Maymv'o 
Oystopus ipoynoew-paPihi't'aUv (Schw.) btev. et 

Swing. . . , 

On leaves of Ipomoece reinformis, !\lan-iaiay 

Oystopus portulac/c (DO,) Lev. 

Ou leaves of Portitlqca quadnfida., Bassem 



THE FUNGI Of BURMA 




Peronospora &mmc^ Gaiimami 

On leaves and fruits oi Brassioa campestHs, 
Amarapiira 

Peronospora effusa (CTrev.) Rabenh. 

On leaves of Chempo&mn album, Myingyan 
Phytophthora coloeasim Rac. 

On leaves, petioles, flowers and corms of 
Coloeasia antiquormn, Tavoy ; in roots of 
Piper belle, Madaya 
Phytophthora de Bary 

On leaves of Lycopersmmi esculentum and 
Solamtm Amarapura 

Phytcrphthora 2}alwdtwxiButleii 

On leaves, twigs, fruits and the tapping cut 
of Hevea brasiUensis, Thaton, Moulmein 
and Tavoy ; on fruits of Carica papaya, 
Hmawbi 

Plasma para viticola Berk, and Curt. 

On leaves of Mandalay 

PseMdoperonospofa mbensis (Berk, and Curt) Rost. 

On leaves, oi Lagenmia milgaris, Amarapura 
Pythium. apJmiideTniatim (Edson) Fitz. 

On seedlings of Nicotiana tabacum, Mandalay ; 
on rhizomes of Zingiber afficinale, Moulmein 

Zygomycetes 

Choanephora mcAirbUarum (Iku'k. atid Rav.) 
Thaxter 

On flowers of Capsicum anm,mm, Mandalay 
Choanephora infundibulifera (Currey) Cimn. 

On flowers of Hibiscus rosa-sinensis, Mandalay 
Ithizopus art oca r pi Rac. 

On fruits of Artocarpus integer, Mandalay 
RhizopJms nigricmis Ehrenberg 
From soil, Mandaiay 

Ascomyoetes 

Hem iascomycetes 

Nemaiospora coryli Peglion 

In unripe bolls of Gossypium neglectum and 
G. hirsukim, Mandalay ; in young fruits of 
Abutilon imlicum, Mandalay. The fungus 
follows the attack by the red cotton l>ug, 
Dysdercus cingulatus. 

Ncmdtospora gassy pii Ashby and Nowell 

In unripe boils of Gossypium neglectum and 
G, hirsutum, Mandalay ; in young fruits of 
Abutilon indicum, Hibiscus cannabinus, H. 
panduriforniis and H. sabdariffa, Mandalay. 
The fungus follows the attack by the red 
cotton bug. 


Nemaiospora sp. 

In fruits of Citrus nobilis, Hsipaw 
Diseomycetes 

Humaria rutilans (Pr.) Sacc. 

On mud banks, Toungoo 
Tryblidiella rufula (Spreng.) Sacc. 

On dead branches of Citrus sp. and Psidium 
guajava, Sagaing and Mandalay 
Tuber inddcum- Cke and Massee 
In the earth, Mandalay 

Pyrenomycetes 

Apiospora eamplospora Penzig and Sacc. 

On leaf-sheaths of Saccharum. qfficinariim^ 

Bilin 

Asterina laivsoniw P. Henn et Nym. 

On. leaves of Gyobingauk 

Asterina wtagnifica Bjd. et 

On leaves of Terminalia sp,, Moulmein 
Balansia andropogonis Syd. 

On inflorescence of Ckrysopogon acieulatus, 
Mandalay and Pa-an 
Capnodium sp. 

On leaves of Eryobotrya japofiica, Maymyo ; 
on leaves ol Gassy pmm spp. and Mang^era 
indica, Mandalay ; on ot Saccharuni 
qfficinariim , Pyinrimimsi 
Catacauma- acacice Thiess. et Syd. 

On leaves of Acacia leucopMoea, Mandalay 
Catacauma infectorium (Cke.) Thiess. et Syd. 

On leaves of Ficus religiosa, Insein and 
Mandalay 

Ceratostomella paradoxa (de Seynes) Dade 

Tn fruits of Ananas saliva, Maymyo ; on fruits 
of Areca catechu, Madaya ; on trunk of 
Borassus flabelUfer, Mandalay 
Claviceps sp. 

In ovaries of Sorghum doehna. Mandalay and 
Thaton 

Olemalomyces pmophili Thaxt. 

On the inferior surface of Pinopkilus sp., 
Pegu ■ 

Daldinia concentrica (Bolt.) Ces. et de Not, 

On dead wood of Aleurites montana, Hsipaw 
Diplocarpon rosce Woli 

On leaves of Rosa spp. , Maymyo 
Endodothella baynhusw (Rabenh.) Thiess and tSyd, 
On leaves of Bambusa sp., Moulmein 
Erysiphe cichoracearum DC. 

On leaves of Cucurbita ovifera, Maymyo 
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Erysiphe j)olygom J)Q^^ 

On leaves anci inflorescence of Corumdrmn 
Man^ 

Glomerella yoissypii (Soiitli.) 

On bolls of Gossypmm sp., Amherst 
Hypocrellu disGoidea (Berk, and Br.) Sacc. 

On Aleyrodes on Tectona grcmdis, Rangoon 
Hypocrella ni ollii Koovdeis 

On Aleyrodes on Tectomh gmndis, Rangoon ; 
on Aleyrodes cm. Oast anopsis sp., Shan 
States 

Hypoxylon rnargimtum (Scliw.) Berk. 

On v;ood, Toungoo 
Laboulbenia eusehizomeri Speg. 

On Enschizonierus mnetis, Tikehe 
Laho-ulbenia creahtocJnli Thaxt. 

On the margin of elytrae of Oreehiochdus lypus, 
Tenasserim 

Laboulbenia crechtocJiilicola Speg. 

On OrechtorMlus feae, Tenasserim 
Leplosphaena saccJmi Breda de Haan 

On leaves of Saccharum qfficinarum, Pyinma- 
nna and Bilin 

Massarina usamhafensis (P. Henn.) v. Hoehn. 

On the bark of Citrus aurantkun, Moulmein 
Meliolu hicornis Wint. 

On leaves on Desmodium sp., Basein 
Meliola buileri Syd. 

On leaves of Citrus decumana, Kya-in 
Meliola cladotricha Lev. 

On coriaceous leaves of an unknown host, 
Kya-in 

Meliola jasndnicola P. Henn. 

On leaves of Jasminum sp., Gyobingaiik 
Meliola nicvngiferm Earle 

On leaves of Mangifera indkn, Insein 
Meliola pterospermi Stev. 

On leaves of Pterospennum sp., Lower Burma 
Mefasphaeria albescens Thuem. 

On leaves of Oryza saliva, Hmawbi and 
Tavoj . - ' 

Neetria bolbophylli P. Henn. 

On grains of Oryza saliva, Hmawbi 
Neciria- diploa Berk, and Curt. 

On a scale insect on Indigqfera, Bassein 
Neetria diversispora Petch 

On fruits of Hema brasiliensis, Mergui and 
Moulmein 

Neetria eugnice Currey 

On dead leaves of Eugenia sp., Yomah 
Neetria lieterosperma Kalchbr. and Cke 

On branches of Citrus aumntmm, Sagaing 


Neocosmmpora vasinfeGta Smith 

On roots of Cicer mietirmni, Padu 
Peroneutypellapusilla^jd, : 

On dead biunclies of sp., Sagaing 

PJmigm.ocripnms hetle (Svd. et But!.} Thicss. et 
Syd. . ■' 

On leaves of Mudon 

Phyllachora assmviMs Syd. 

On leaves of Capillipedium panrijlorani, May- 
myo 

Phyllaehora centotheGce Syd. 

On leaves of Cenlotheca lappaGeay Moulmein 
PAyllae/mn Gy nodordis (Sacc.) Niessl 

On leaves of Cynodon Mandalay 

Phyllachora dalbergice Nies^^ 

On leaves of Dalbergia laneeolata, Bassein 
Phyllachora graminis (Pers.) Fckl. 

On leaves of PolUnia grata (= Microstegifcn^ 
gratum), Moulmein 
Phyllachora ischaemi Syd. 

On leaves of Schima nervosunn Bilin 
Phyllachora pennixta Syd. 

On leaves of Schima walUchii, Maymyo 
Phyllachora rhytismoides (Cda.) Sacc. 

On leaves oi Mimosa sp., Tenasserim ^ • 

Phyllachora Sacehari P. Henn. 

On leaves of Saccharum qfficinarum, Pyin- i 
manna i 

Phyllachora sacchari-sponlanei Syd . 

On leaves of Saccharum spontaneum, Bassein 
Phyllachora sorghi v. Hoehn. 

On leaves of SorgJmm dochnu and S. roxbur- 
ghii, Tatkon ' 

Phyllactinia corylea (Pers.) Karst. i 

On leaves of Moms sp., Mandalay and May- 
myo 

Physalospora transversalis Syd. 

On living leaves of Cocos nucifera, Bilin 
Pleos2)h(Bropsis dalbergice Died. ; 

On leaves of Dalbergia sissoo, Kyaukse : 

Pyrenocarpon magnificum (Syd. et Butl:) Theiss. 

On leaves of Termincdia sp., Moulmein ^ 

Rosellinia svMimbata (Durieu and Mont.) Pass, I 

On stems of Thysanolcena procem, Kanbala- 
taung i, 

Sirrhodothis seriata Syd. and Butler ' 

On leaves of Bambusa sp., Moulmein 
Sphaerostilbe repens Berk, and Br. | 

On roots of Hema brasiliensis, Moulmein | 

Sphaerotheca humuli var, fuliginea (Sehlecht.) I 

Salm. I 

On leaves of Phaseolus aconitifolius, Mandalay 
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Uncd/mla ted()fm 

On leaves of Lower Burma 

^ Udilagimidea ochxioea V 

In the flowers of Pcmicmn am'itufn, Hmawbi 
V siilaginoiieM viren^^^ (Cke.) Tak. 

In the flowers of Oryza saliva, Mandalay, 
Hmawbi, etc. 

Ustulina zonata (Lev.) Sacc. 

On trunk of Hevea braMUensis, Moulmein 
and Tavoy 

Xylaria gtiyane-n^^^^ Mont. 

In ever-green forests, Toungoo 
Xylana liy^^ 

On old tree stumps, Arrakan 
Xylaria nigripes (Klotzsch) Sacc. 

, On the ground and on termites nests, Man- 
dalay 

Basidiomycetes 

UstUaginales 

CHntraclia axicola (Berk.) Cornu 

In the peduncles of Fimbristylis dichotoma, 
Mandalay 

Entyloma eugeniarum Cke. and Massee [Petrak 
and Sydow’ (Ann. Mycol. 23 : 261, 1925) state 
rJiis is not a smut] 

On leaves of Euge}im I Maymyo 

XHlijlomi onjzce Syd. 

On leaves of Oryza salwa, Hmawbi 
Graphiola borassi Syci. and Butler 

On leaves of Borassus f cibelUJer, Ivyaukse 
Grapliiola phoenicis (Moug.) Poiteau , 

On leaves of Phoenix sp., Mandalay 
Neovossia horrida (Tak.) Padwick and Azmat. 

In ovaries of Oryza saliva, Mandalay and 
Hmawbi 

Sorosporimri fmxamm Syd. and Butler 

In ovaries of Ischaemum aristatmn, Insein 
Sphacelotheca arukopogonis-anmdali (Bref.) Zun- 
deL 

In ovaries of Dichanthimn annulatiim, Man- 
dalay 

Sphacdotheca reiliana (Kuehn) Clinton 

In inflorescence of Sorghum dochna and S. 
roxbtirghii, Tatkon 
Sphacdotheca sorghi (Link) Clinton 

In ovaries of Sorghum dochna and A>. 
ghii, Mandalay 

Uslilago hurmanica Syd. and Butler 
In ovaries of Ischmmum sp., Kya-in 


Ustilago cynodontis P. Henn. 

In inflorescence of Cynodon dactylon, Mandala y 
V stihgo hoUeri WiUe 

In ovaries of Avena Taiinggid 

Ustilago scitaminea Syd , 

In culms and terminal shoots of Saccharum 
qfficinarum, Pyinmanna 

Ustilago tritici (PexB.) 

In ovaries of Tritieum wstivmn, throughout 
Upper Burma 

Ustilago titricidosa (Nees.) Tul. 

In ovai-ies of Polygonum toymntosuin, Rangoon 

U redmales 

Aeeidium niori Barclay 

On leaves of Morus alba, May myo 
Aeeidium spisstmi Syd, 

On leaves of Za/nthoxyluyn s Maymyo 
Cerofdiuni dssnimm (Berk, and Br.) Arth. 

On leaves of Gossypimn sp., Allanmyo 
Cerotelium fid (Cast.) Arth. 

On leaves of Ficus carica, Mandalay ; on 
leaves of F, palmata, Mandalay and May- 

Hapalophragmium ponderosunt Syd. and Butler 
On twigs of Acacia leucophloea, Manda.lay 
Hendleia vasiatrix Berk, and Br. 

On leaves of Coffea cmibiea, Leiktho 
Massecellafirnggece Syd. 

On leaves of Fluggea mierocarpa, Padii 
Phakopsora phyllantki Diet. 

On leaves of PkyUanthus disiious, Mandalay 
Phakopsofa zizyphi-vulgaris (P. Hemi) Diet. 

On leaves of Zizyphus jujuba, Mandalay 
Phmgrnidiwm burmanicufii Syd. 

On leaves of Rubus lasiocaiyms, Maymyo 
Sydow transfers this to the new genus 
Phragmotelimn. 

Puccinia wrundinellce Barclay 

On leaves of Arundindkt sp., Maymyo 
Puccinia burmanica Syd. and Butler 

On leaves of Anthisirria imhefbis (==Themeda 
triandra), Mdiymyo 
P%iceinia butleri Syd.. 

On leaves and stalks oi Laimwa as plenifolia 
Amarapura 

Puccinia glumarum {Schm.) Erikss. and Henn. 

On leaves, culms and glumes of Tritieum 

Puccinia granmiis Pers, 

On leaves, culms and glumes of Tritieum 
wstivmn 2 iiid, Hordemn vulgare, Mandalay 

■ . E 2' 
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Pucoima iwiyai'i'^yd. t d 

On leaves of Lcmncea nutUmuhs, Lower Lurina 

Piicdnia l-ozuJcensis Diet. _ , n : 

On leaves of Andrapogon micrmit/ms (— vapi- 
tlipedium parviflonim), Maymj^o 
Pvccinia I'uehnii (I^rueg.) Butler 

On leaves of Sacchamm spmlaiieuM, Jiasseni 

Piiccvh^-ctj pixAiiiwiici- Barclay 

On leaves of Smilax sp., Bilin 

Puccinui purpurea Cke i c 

On leaves of Sorghum, dochva and B. lox- 
burghii, Mandalay: on leaves of Sorghum 
halepene. Mandalay 

Puccinia romugnoliana Maire and Bace. 

On leaves of Cypervs ap., Hraawbi 

Puccinia niiipes Diet. , 

On leaves of Imperatn cyhndnm, Moulmein 

Puccinia solmsii P. Henn. 

On leaves of Polygonum sp., Mayniyo 
Puccinia sorghi Schw. 

On leaves of Zen, ■mays, Aniarapura 
Puccinia thwaitesii Berk. 

On leaves of Justicia ge-mhrussa, throughout 

Burma 

Puccinia triticina Erikss. ^ i .1 j. 

On leaves of Triticum mslivum, tlirougnout 

Upper Burma 

Puccinia versicolor Diet and Holw. 

On leaves of Hetero-pogon contorlus, Maymyo 
Pucciniastrum castanew Diet. 

On leaves of Castanopsis javamca, Maymyo 
Ravenelia emblicm Syd. 

On leaves of Phyllanthus emblica, Maymyo 
Sphccroph/ragmiuni acaciw (Oke.) P. Magn. 

On leaves of Albizzia lebbeeje, Myitnge 
Tranzschelia pruni-rpinosce (Pers.) Artto 

On leaves of Prunus ammiiaca and P . persica, 
Maymyo 

Uredo cajaiii Syd. 

On leaves of Cajanus cajan, latkon 
Uredo fuirenoo P. Henn. 

On leaves of Fuirena glomerata, Bassein 

Uredo tectonce Racib. 

On leaves of Teciona, grandis, Madaya 
U romyces appendxculatus (Pers.) Linlr 

On leaves of Dolic/ios lablab and Vigna un- 
guiciikUo, , 

Uromyces commelinw Cke 

On leaves of Comnielina bengalensis^ Mandalay 

Vmnyces decoratus Syd. 

On leaves and stem of Crotalana gmicea, 
Amarapura 


Urowycesfabw (.Pers.) de Bary 

On leaves of IPisun} and P- 

Maymyo 

IJi'omyces lineans Berk and Br. 

On leaves of Panicum repens, Mandalay 
Vrowyces mmvme Rabenli. 

611 leaves of Mucuna sp., Maymyo 


HymenoimjcHes 

Amaniiopsis sp. 

On the ground, .Kanbalu 
A'linciikma me sent erica Fr. 

On cle(*.aying wood, jMamdahiy 
Collyhia aJbmninosa (Berk.) Petch 
On termites nests, Toiibo 
Goprinus spp. 

On dnng and paddy straw heaps, Mandalay 
Corticnm salmoniookir Berk, and Br. 

On brandies of Hevea brasilieimis. Mergui 
and Thaton ; on brandies of Cinchona s])., 
Mergui 
Gorticuni spp. 

On branches of Aleurites nhontana, Hsum- 
Hsai ; on decomposing paddy straw, Man- 
dalay 

Dcedalea discolor Fr. 

On the ground, Pegu Yoma 
Daedalea tenuis Berk. 

On dead wood, Pegu Yoma 
Daedalea unicolar (Bull.) Fr. 

On stumps, Pegu 
Daedalea zonata Schwein. 

On dead wood, Toungoo 
Entoloma microcarpum Berk, and Br, 

On termites nests, Tonbo 
Exobasidium vexans Massee 

On leaves of Camellia sinensis, Toungoo 
Hills 

E'omes holosclerus Berk. 

On dead w^ood, Pegu Yoma 
Fonies laniaoensis (Murr.) Sacc. and Trott. 

On roots of Broussonetia papyrifera and 
Hevea bvasihensis, Thaton ' ^ ^ 

Fomes marginalMs Fr, ^ 

On dead trees, Toungoo Hills 
Fonrns pseudoferreus Wakefield 

On roots* of Hevea brasiliensis, MouJiueiii 
Galera zeylanica Petdi 


Toungoo 


On the ground, Mandalay 
Ganoderma a2)plamtum (Pers.) Pat., 
On tree trunks, Toungoo 
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Gawderma lucidiun (Le3^ss.) Karst/ 

On trunk of Areca caiechu, Madaya, causing 
the stem-bleeding disease ; on sp., 

Maymyo 

Gmfinia sfathvlwria (Scliw.) Fr. 

On old logs, Mandalay 
Hexagonia simiMs AB^^^^ 

On dead wood of Mwngijem indica, Man- 
dalay 

Hirneda aMrimitu-judcB (L.) Berk. 

On dead wood and fallen branclies, Kanbalu 
Ilirneoh nigra (Swartz) Fr. 

On logs, North Yoma 
If])ex paMescens Fr. 

On old wood, Pegu Yoma 
Lentimis capm 

On dead wood, My od wine 
Lenlimis mfreyanm Sacc. and Cub. 

On dead wood, Lower Burma 
Lenlimis descen^^^^ 

On dead wood, Toungoo 
LetUmus polycJvrous Lev. 

On dead wood, Yoma Eange 
Lentinus velutmus . 

On dead wood, Pegu Yoma 
Lentinm sp. 

On dead shoots of Bambusa sp., Mandalay 
Edible 

Lenzites albida Fr. 

On dead wood, Toungoo 
Lenzites repanda (Mont. ) Fr. 

On dead tree trunks, Toungoo 
Lepiota sp. 

On the ground amongst grass, Mandalay. 
Edible 

Marasmius burmensis Cke. 

On twigs, Moulmein 
Maras 7 mu& saceha'ri W akkev 

On exotic varieties of Smcharum ojfficimrum, 
Mandalay 
Naucoria sp. 

On the ground, Mandalay 
Panaeolus cyanescens Berk, and Br. 

On cowdung heaps, Mandalay, Poisonous 
Panus ssp. 

On dead wood, Mandalay. Edible 
Polyporus bicolor Jungh. 

On wood, Toungoo 
Polyporus rhodophaeus Lev. 

On dead wood, Toungoo 
Polystichis cinerescens Schwein, 

On wood, Pegu Yoma 


Poly stictus flabelliforniis 

On dead wood, Yoma Range 
Polystictus modestus Kunze 

On dead wood, Yoma Range 
Psathyrella sp. 

On the ground, Mandalay 
ScMzophylkmi commune 1?!. 

On dry fruits of Garcinm mangoslana, Mudon, 


and on dead wood throughout Burma 


Stereum adustimi Lev. 

On wood, Southern Yoma 
Stereum elegans Meyer 

On wood, Lower Burma 
Stereum lohaluni Fr. 

On dead wood, Toungoo 
Stereum princeps 3 \m^\. 

On dead wood, Toungoo Hills 
Trarnetes mngidata Berk- 

On dead wood, Pegu Yoma 
TremeUa sp. 

On dead wood, Mandalay 
Volvaria dipkisia Berk, and Br. 

On rotten paddy-straw lieaps, 
Burma. Edible 


all over 


Gasteromycetes 

Bovisia brasiliensis (Fr.) de Toni 
On the grounp, Toungoo 
DictyopJiora ? (Veritenat) Pers, 

On ground in rubber estate, Moulmein 
Geaster sp. 

On the ground, Kanbalu. Edible 
Ithyphallus impudicm (L.) Fr. 

On the ground, Mandalay 
Lycoperdonsp. 

On the ground, Madaya 
Podaxon pistillaris (L.) Fr. 

On rich sandy soil^, Madaya. Edible 


FuJSrOI IMPERFECTI 


Ryplmnycetes {oxiA Mycelia sierilia) 

Actinone7naros(B{Li}).)'Fj!. 

On leaves of Rosa sp., Maymyo 
AUernofia brassicce (Berk.) Sacc. 

On leaves oi Brassica campestr is, Amarapura 
AMernaxm circimm (Berk, and Ciirt.) Bolle 
On leaves of Brassica oleracea, Mandalay 
Alternaria solani (Ell. and Mart.) Jones and 
Grout 

On leaves of Solamuu tuberosum^ Auiara- 
pura 
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As’peTijitt'Uis Jlavus Link 

In isolations from paddy soil, Mandalay 
AsperfjiUusfifndgatiis¥Tesemm 

On match sticks, Mandalay 
Aspergillus niger van Tieghem 

In isolations from paddy soil, Mandalay ; 
on Scales of Allium sp., Mandalay 
Aspergillus tamarii Kita 

In isolations from paddy soil, Mandalay 
Aspergillus terreus Thom 

In isolations from paddy soil, Mandalay 
Cercospora coffeicola Berk, and Cke^ 

On leaves of Cojfea arahica^ Leiktho 
Cercospora dolichi Ell. and Ev. 

On leaves of Dohchos lahlub^ Amarapiira 
Cercospora feMilleauhoisii Sacc. 

On leaves of Solcfuwu mdougeMa, Mandalay 

Cercospora heit'Hi)igsii Al]e^sch. 

On leaves of Mauihot uhlissima, Mudon 
Cercospora Hibisct Tracy and Earle 

On leaves of Hibiscus sabdariffa and H. 
cmmabinus. Mandalay 
Cercospora hophei'Kmg, 

On leaves of Saccdiarum o^cvMirwri^ Salimaw 
Cercospora menispermi Ell. and Holw. 

On leaves of Cocculus vilosus, Mandalay 
Cercospora neriella Sacc. 

On leaves of Nervwn odorum, Mandalay 
Cercospora nicotiame Ell. and Ev. 

On leaves of Nicotiana . Amarapura 

Cercospora oryzce Miyake 

On leaves of all over Burma 

Cercospora patouillardi Saco, and Sacc. 

On leaves of Calotropis gigantea, Mandalay 
Cercospora per sonata (B&ik. and Curt). Ell. and E. 
On leaves of AracMs hypogaeay all over 
Burma 

- Cercospora sesami Zimm. 

On leaves of Sesamum orientate , Tatkon 
Cercospora sorglii Ell . and E v . 

On leaves of Sorghum dochna and S. rox-* 
burghii Mandalay 
Cercospora traversiana Sacc. 

On leaves of Trigonelh foenu-graecum-, Man- 
dalay 

Cercos'pora viiicola (Ces.) Sacc. 

On leaves of Vitis vinifera, Insein 
Cercospora sp. 

On leaves of Mimosa pudica^ Hmawbi 
Cerebella andropogonis-contorti Subram. 

On ovaries of Heteropogon contortus, Maymyo 
This and other species of Cerebella grow 


upon oi Sphacelia on the various 

hosts 

Gerebella btirnmiensts Subram, _ 

On ovaries of Brachiaria seMgera^ Man- 
dalay 

Cerebella cynodontis _ . 

On ovaries of Cyriodon daetyhn and Bracmana 
replans, Mandalay 

Cerebella inquinans (Berk, and Br.) Petch 

On ovaries of paspalum scrohiculatum, Basse- 
in and Hmawbi 

Cerebella volkensii (P. Hemi.) Mundkur _ 

On ovaries of Sorghum dochna, all over Upper 
Burma 

Cladosporium herbarmn (Pers.) Link ■ 

On grains of Triticimi Mandalay ; 

on capsules oi Sesamum Tatkon 

Cladosporium zizyphr Karst, and Roiim. 

On leaves of Zizyphus jujuba, Mandalay 
Ooniosqyorium barnbusce (Thum. and Bolle) Sacc. 

On culms of Bambusa sp., Insein 
Gurvularia lunata (Wakker) Boedijn 

In isolations from paddy soil, Mandalay ; on 
flowers of Dichanthium, anmiUium, Manda- 
lay 

Exosporium palmivonim Sacc. 

On leaves of Borassus Jlabellifer, Moulmein 
Fusariurn mmiliforme Slield. ^ 

Causing top-rot disease of Saccharum ojjwvna- 
m?/?-, Py inmanna 

Eusarium udum^rddei ^ m 

Un roots and stem of Oajanus cajan, lat- 
kon 

F tisar ium vasinfectum Atk, , r • 

On roots of Cossypium neglectufriy Mahlaing 

Fusariumsp* , - 

On stem and capsules of Sesamum orrentale, 

all over Burma 

Helminthosporium cynodontis Marignoni 

On leaves of Gynodon dactylon, Mandalay 
Helminthosporium gramineum Rabenh. 

On leaves of Hordeum vulgare, Amarapura 
Helminthosporium oryzcB Breda de Haan. 

On leaves and grains of Oryza saliva, all over 
Burma 

Helminthosporium sativum Pam., King and Bakke 
On leaves of Triticum oestivum, ail over Upper 
Burma 

Helminthosporium teres ^acc. 

On leaves of Hordeum vulgare, xV.marapura 
Helminthosporium iurcicum Pass, 

On leaves of Zea mays, Amarapura 
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On leaves, stem and capsules ot SeMimimi 
on>?? Allanmyo 

On leaves of Allnmi sp. , Myitha 
Met(m%izmmamsoplim'&o 

On grubs of Oryctes rhinoceros, Madaya 
Nigrospora sphaerica (Sacc.) Mason 

On leaves of Oryza sativa, all over Burma 
Oidiopsis taurica (Ley.) Salmon 

On leaves of Tropwolum nuvjus, Maymyo ; on 
leaves of Solanum mslongena, Amarapura ; 
on leaves of Capsicufn anmmm, Mandalay 
Oidium erysiphoides Fries 

On Pisu?n sativum, Maymyo ; on Sesanmm 
orientale, Tatkon, on Lagenaria vulgaris, 
Amarapura ; on Vigna unguictdata, Amara- 
pura ; on leaves and pods of Cajanus cajan, 

^ on Cucurbita spp., Amarapura 

Oidium mangiferm Berthet 

On inflorescence of Mangifera indiea, Manda- 
"lay.., 

Pemcillnini digitatum Sacc. 

On fruits of Citrus auraniium, Mandalay 
Penicillmm italicum Wehni. 

On fruits of Citrus aumntium, Mandalay 
Piricularia grisea (Cke,) 8 '^og. 

On leaves of Digitaria pruriens, Amarapura 
Pmcularia oryzce Cavara 

On leaves of Oryza saliva, throughout Burma 
liamularia areola Atkinson 

On leaves of Gassy pium neglectum, Tatkon 
Rhizoctonia solani Klihn. 

In roots of Cicer arietinum, Gossypium sp., 
Nicotiana tabacum, Phaseolus acutifoKus, 
P, lumtus, P. vulgaris and Solammi tubero- 
sum, throughout Upper Burma 
Sphacelia sorghi McEm 

On inflorescence of Sorghum dochna. Mandalay 
and Tatkon 
Sphacelia spp. 

On inflorescences of Dichanthium anmdatumn, 
D. caricosum, BothriocMoa pertuscc, Cynodon 
dactylon, Braehiaria reptans, B. setigera and 
Paspalum scrobicidatuoL throughout Burma 
T ricotlieciurn roseum Link 

On dead fruits of Psidium guajava, Mandalay 

Sphceropsidales and Mekmcoaiales 

Aschersonia badia PatouilL 

„ On (insects on) living leaves of bamboo, 
Pegu Yoma 


Asckersonia cmnabarina P. Henn. 

On leaves of Tectom^Aprmdu, Burma 

Ascochyta citri PGiizig 

On leaves of Citrus decwmama and (J. meddca, 
Maymyo 

Botryodiplodia theobromce PatouilL 

On culms of Saccharum qfficinarum, Pyin- 
manna ; on stem of Hevea brasiliensis, 
Mergui ; on terminal twigs of Ceiha 
pentandra (Kapok), Kyaukse ; on roots of 
Mamhot glaziovii, 

Colletotrickum camelliw Massee 

On leaves of Camellia sinensis, Leiktho 
CoUetotrichum cag)sici (Syd.) Butl. and Bisby 
On stem and fruits of Capsiciim annum, 
Mandalay 

Colletotrichuni cojfeanum AS osiok 

On leaves of Cqffea arahica, Leiktho 
CoUetotrichum falcatum Went 

On leaves and culms of Saccharum officinarum, 

Pyinmanna 

Colletritchmn glososporides Penx. 

On leaves and stems of various Citrus spp., 
Shan States 

Golletotrichmnr grammicohim (Ces.) Wilson 

On leaves of Sorghum spp., throughoiit 
Burma 

CoUetotrichum UndemuiMwmm. (Sacc, and Mag.) 

Br. and Cav. 

On pods of Dolichos lablab, Amarapura 
CoUetotrichum nigrum Ell. and Hals. 

On fruits of Capsicwm annimm, Myitha 
OoUectotrichum spp. 

On leaves of Mangifera dnilica, throughout 
Burma; on leaves of Themeda sp., Ton bo 
Diplodia natalensis Pole Evans 

On fruits of Garcinia mangostana, Mudon ; 
on fruits of Mangifera indica, causing stem- 
end rot, throughout Burma ; on fruits of 
Citrus medica and C. nobilis, tliroughout 
Shan States 

DiplozytMeUa bambusina Died. 

On leaves of Bamlmsa sp., Madaya 
Dolhiorella' ribes (Fuckel) Sacc. 

On fruits of Mangifera indica, causing stem- 
end rot, throughout Buiina 
Glceosporkmi elastieoe Cke and j\lass. 

On leaves of Ficus elastica, Maymyo 
Gloeosporkm musarum Cke. and Mass, 

On over-ripe fruits of Musa sapientum, 
throughout Biurna. 
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GlcBosporium piperaimi'M^ 

On fruits of Capsicitm anmmm^ Mandalay 
Gloposporimn lerminalim Syd. and Butler 
^ On leaves of Tenninalia catappa, Insein 
Gloeospori-mn spp. 

On floral stalks of Araclm hypogwa, Tatkon ; 
on twigs and leaves of Aleurites montam, 
Hsiim-Hsai ; on leaves of Stermlia alata, 
Mandalay 

Macrophonia nvusw (Cke.) Berl. and "Vogl. 

On leaves of Mtisa sapimMni, throughout 
Burma 

Maorophonrina pliaseoU (Maubl.) Ashby 

On roots of Amchis hypogcea, Myingyyan ; on 
roots and shoots of Arem catechu, Madaya ; 
on roots and stem of Sesmmmi onentale 
throughout Burma 

Melancomwu sacchari Mass. ^ -o-r 

On culms of ScicchafUM qfficinciruifiri, Bilin 
Pestalotia lougi-aristata, Maubl. 

On leaves of Eriobotrya japonica, Maymyo 
Pestalotia malorum Elenkin and Chi 

On leaves of Pyrus malus, M.^jmYO 

Pestalotia mangiferce P. B.enn.^ . i 

On leaves of Magniferct Mandalay 

Pestalotia palmarum Cke ^ 

oi Areca cxiteejium^^ nucfera, 

Madaya; on leaves of Bcyrassus jlahetMJer, 
Kyaukse 

Pestalotia psiiii Pat. ^ 

On fruits of Psid'iuM guajava, Mandalay 

Pestalotia theoe Sawada ^ ^ ; 

On leaves of CaMclUa siueusis, Leiktho 

Pestalotia . 

On leaves of Aleurites montam, Hsum-Jlsai 
Phoma glumaruyn Eli. and Tracy 

On glumes of Oryza sativa, throughout Burma 

Phoma saccharina Syd. 

On mid-ribs of Saecharum offleinarum, Manda- 
lay 

Phyllosticta cafappw Syd. 

On leB^yes of Termimilia catappa, 

Phyllosticta religiosa Syd. 

On leaves of Ficus religiosa, throughout 

Burma 

Phyllosticta tectonw Syd. and Butler 

On leaves of Tectona grandis, Madaya 
Phylloslictina areccv (Hohnel) Petrak and Syd, 

On leaves and fruits of Areca catechu, Madaya 
Pyrenochcefa oryzce Shirai 

On leaves and sheaths of ^&yzu sativa, through- 
put Lower Bunria 


Septogloeum Bp. ^ ^ . ii/r V i 

On leaves of Feronia Untonta, Manclalay 

Host; INDEX 

AhiitUo'n indicic^^^^^ 

Neniatospora coryli 
Nematospora gossypn 
Acacia leucophlcea Willd. 

Catacauma acaciae 

Hapalophmgmium ponder osiim 
Albizzia lebbeh (Jj.) Beiith. 

SphcerophragyrduniacacicB 

Ahimtex' Montana 
Cortickmi sp. 

Daldinia concentriea 
GlceosporiumBp. 

Pestalotia Bp. 

Allmm sp. 

Aspergillus niger 
Macrospormm parasitieum 
AniaraniJmsBp. 

Cystopus bliti 
Ananas comosus (L.) Merr. 

Ceratostomella paradoxa 
Amchis hypogcea L. 

Cercospora pycrsonata 
GlmyspoTvimi sp. 

Macrophomina phase oli 
Sclerotkini rolfoii 
Areca catechu L. 

Gerafostamella paradoxa 
Ganoderma hicidim 
Macrophomina pJi aseoli 
Pestalotia pahnarum 
Phyllostictina areca^ 

Artocarpus integer (Thumb.) Merr. 

Rhizopus artocarpi 
Arundinella sp. 

Puccinia arun d wellce 
Arena sativa L. 

Ustilago Icolleri 
Bamboo 

A schersonia hculia 
ConiosporiuM bambusce 
Diplozythiella bambusin a 
EndodotheUa bambusce 
Sckrhodothis senata 
Boras sus flabellifer L. 

Ceratostomella paradoxa 
Ftxosporiwm pahnivorum 
Graphiola borassi 
Pestalot ia palm arum 
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BothriocMoa fertusa (Willd.) A. Camus 
Sfhacelia sp. 

BmcMaria reptmis (L.) Gardner and Hul^bard 
Cerebella cynodoniis 
Sphacelia sp. 

BracMaria setigem (Retz.) C. E. Hubbard 
Gerehella burmanensis 
Sphacelia sp. 

Bmssica campestris L. 

Alternaria brassicce 
Cystopus candidus 
Peronospom brassicce 
Brassica oleracea L. 

Alternaria circinans 
Broussonetia papyrifera Vent. 

Fom.es lamaoensis 
Gajanus cajan (L.) Millsp. 

Fusarium udum 
Oidium erysiphoides 
Uredo cajani 

Galotropis gigantea (Willd.) R. Br. 

Gercospora patouillardi 
Gamellia sinensis (L.) Kuntze 
Golletotrichum camellioe 
Exohasidium vexans 
Pestalotia them 

Gapillipedium parviflorum Stapf 
Phyllachora assimilis 
Puccinia kozukensis 
Gap^sicum annuum L. 

Ghoanephora cucurbitarum 
Golletotrichum capsid 
Golletotrichum nigrimi 
Glceosporium piperatum 
Oidiopsis taurica 
Garica papaya Jj, 

Phytophthora palmivora 
Gastanopsis sp. 

^Hypocrella mollii 
Pucciniastrum castanem 



Geiba pentondra Gsertn. 

Botryodiplodia theobromm 
Gentotheca lappacea Desv. 

Phyllachora centothecce 
Ghenopodium album L. 

Perenospora effusa 
Ghrysopogon aciculatus Trin. 

Balansia andropogonis 
Ginchona sp. 

Corticium salmonicolor 
Sclerotium rolfsii 


Gicer arietinumlj. 

N eocosmospora vasinfecta 
Rhizocto7tia solani 
Sclerotium rolfsii 
Gitnis aurantium L. 

Massarina usambarensis 
Neciria heterosperma 
Penicillium digitatum 
Penieillium italicum 
Citrus decimimia L. 

AscocJiyta ciiri 
Meliola butleri 
Citrus medica L. 

Ascochyta citri 
Diplodia natalensis 
Citrus nobilis Lour. 

Neniatospora sp. 

Diplodia 7iatalensis 
Citrus sp. 

Golletotrichum glmospiorides 
Peroncutypella pusilla 
Tfihlidiella rufida 
Gocculus villosus DC. 

Gercospora memspermi 
Gocos nucifera L. 

Pestalotia palmarum 
Physa lospora iransversaUs 
Ooffea arabica L. 

Gercospora coffeicola 
Golletotrichum coffeanum 
Ilemileia vastatrix 
Golocasia escrdenia (L.) Schott 
Phytophthora colocasice, 
Gouvmelina bengalensis L. 

Uromyces commelince 
Goriandrum. sativum L. 

Erysiphe polygoni 
Crotalaria junceah, 

U romyces decoratus 
Gncurhita ovifera L. 

Oidium erysiphoides 
Cynodo7i dactylon Pers. 

Gerehella cynodontis 
Helminthosporium cynodontis 
Phyllachora cynodontis 
Sphacelia sp 
Ustilago cynodontis 
Gyperus sp. 

Puccinia romagnoUana , 
Dalbergia lanceolata L. 

Phyllachora dalbergim 
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Daibergia sissoo Roxb* 

Pleosphwropds dArgiw 
Desniodiutn sp. 

MelioUbicornis 

Bicanihium annulatum (Forsk.) btapt 
CuTViiluria hmata 

Sphacelia sp. _ 

Sfhacelotheca andropogoms-annuiaU 
Dichanthium oancosum A. Camus 
Sphacelia sp. 

Digitaria prurmis Buese 
Pincuhna grimt 

BoUchos lablab h, 

CcTCOspoTO, dolichi 
Golletotridmm lindemuthimimi 
Uromyces appendiculaim 
Eriobotrya japonica Lindl. 

Capnodium sp. 

Pestalotia longi-nrisfata 

Eugmia sp. 

Entyhma eugemarwm 
Nectria eugenice 
EuscUzomerus aeneus (Insect) 
Jjaboulbenia euscliizomen 
Feronia Umonia (L.) Swingle 
Septogloeum sp. 

Ficus carica L- 

Cerotdium fid 
Ficus pahnataFotsk. 

Cerotclium fid 
Ficus religiosa B- 

Catacauma infectonuni 
Phyllosiicta religiosa 
Fimbristylis dieholoma (L.) Vahl. 

Cintractia axicola 
Fluggea microcar pa Bluine 
" Masseeelafiueggece 

Fuirena glomerata Lam. 

Vredofuirence 
Garcinia mangostam L_. 

Biplodia natalensis 
Scfdzophyllum commune 

Gossypium spp. 

Capnodium sp. 

Cerotdium desmium 

Fusarium vasinfectum 

Glomerella gossypii 
Eematospora eorlyli _ 

Nmatosjmra gossypii 
Eamularia areola 
phizoctonia solani 


Heteropogon contortus (L.) Beauv. 

Cerebella andropogonsis-contorh 
Puocinia versicolor . 

Hevea brasiliensis Muell-Arg. 
Botryodiplodia iheobrom.w 
Corticium saimonicolor 
Femes lamawnsis 
Femes pseudoferreus 
Nectria diversispora 
PhytopMhora palmivora 
Sphwrostilbe repens 
TJstulina zonata 
Hibiscus cannabinus L. 

Cetcospora hibisci 
Nematospora gossypii 
Hibucus pandurcpforniis Btirm. 

Nematospora gossyjni 
Hibiscus rosa-sinensis L. 

Cliocenophora infundibidif era 
Hibiscus sabdariffap. 

Cercospora hibisci. 

Nematospora gossypn 
Hordeum vulgare L. 

Helminihmporium grannneum 
Helminthosporiunu teres 
Puccinia graminis 
Imperata cylindfica Beauv. 

Puccinia rufipes 
Indigofem sp. 

Nectria dipdoa 
Iporncea reniformis Chois 

Cystopus %po 7ii ecB“"pan du rata. 
Ischcemwn aristatum L. 

Sorosporkm f urea turn 
Ischcenmni sp. 

Ustilago hurmanicu 
Jasndnuni sp, 

Meliola jasmiiiicola 

Jusiicia gendarussa 

Puccinia ihwaitesii 
Lagenaria vulgaris Ser. 

Oidium erysipJioides 
Pseudoperonospora cubensis 
Launea asplenifolia DC. 

Puccinia butleri 
Launea nudicauUs Hooker f. 

Puccinia inayati 
Laiosonia alba Lam. 

Asterina lawsonke 
Lens esculenta Moench 
Sclerotium- rolfsh 
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LycopsTsicoii esculentufn Mill. 

PhjtopMliom 

M^npiferaindicalji, 

Capnodmm^^'^. 

Gollectotfichwn Bp. 

' ,/. .BiphMa natalensis : 

■ BotMmeUa rihes. 
ileliola fruingifem 
Oidium mangifercB 
ManihotGglaziovn 

BotryodiplocUa theobrom^^^^^ 
Ma^nihot titilissima Polil . 

Cercospom henmngsii 
Mierostegium gratum A. Camus 
’ PoUinia grata) 

Phyllachora grmmms 
Mimosa sp. 

Cercos2)ora sp. 

Phyllachora 
Moms alba Jj. 

Aecidiumniori 
'Moms. sp. 

Ganodenna luciduni 
Phyllactinia corylea 
Muciina^p. 

U romyces m ucmm 
Musa sapienturn L. 

Gloeosporimn musarum 
Macrophoma niuscc 
Nerium odorum Solaiid 
Cercospora neriella 
Nicoliana lahctami L. 

Cercospora nicotiance 
Pyihium aphanidermotimi 
Rhizoctonia solawh 
Orecldochihis fecv {ImQot) 

Laboulbenia orecJitochiMcoki 
OreclitocMlus typus (Insecfc) 
Laboulbenia orechtochiL 
Oryctes rhinoceros (Insect) 
Metarrhizium anisopli ce 
Oryza sativa L. 

Cercospora oryzoi 
Entyloma oryzce 
Helmin ihos’poriwm oryzce 
Metasphmfia albescen s 
Nectria holbophylli 
Neovossia horrida 
Nigrospora sphcerica 
Phoma glumarum 
Piricularia oryzce 
Pyrenochcjdta oryzce 


Sclerotium oryzce 
Ustilaginoidea virms 
PcmicumauritumPr^^l 
Ustilciginoidea och^ 

Pamicum repens L. 

Uromyces linearis 
Paspahm scrohiculatuni L. 
Cerehella inguincms 
Sphacelia sp. 

Phaseolus aeonitifoKus J ac< (. 

Sphcerotheca hurnuli 
Phaseolus acutifoUus A. Gray 
Rhizoctonia solani 
Phaseolus lunatus L. 

Rhizoctonia solani 
Sclerotium rolfsii ‘ 
Phaseolus vidgaris L. 

Rhizoctonia salami 
Plmnix sp. 

Graphiola plmnicis 
Phyllanthus distichus Muell. 

Phakopsora phyllanthi 
Phyllanthus emhlica L. 

Ravenelia emblicce 
Pinophylus sp. 

Clematoniyces pinophiM 
Piper betle L. 

Phmgniocapnias betle 
Phyiophthora coloccisice 
Sclerotium rolfsn 
Pisum arvense L, 

U romyces fabw 
Pisumr satimim h. 

Oidium erysiphoides 
Uromyces fabce. 

Polygomim sp. 

Puccinia solmsii 
Polygonum tomentosum- Willd. 

UsiiUigo utrioulosa 
Port'ulaca quadrijida L. 

Cystopus portulaecv 
Ppunus armeniaca L. 

Tramschelia pnmi-spinosw 
Primus persica Stokes 

Tranzschelia prum-spinosoe 
PsidiumgucBjavaL. 

Pestalotia psidii 
Triblidiella rufula 
Tricohthecimn roseuni 
Pt&rospenmmi sp. 

Melioh pterospcrmi 
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Pyrus malus L. 

Pestalotia mahmm 
Rosa sp. 

Aetinonema rosw 
Biflocaffon rosm 
Ruhus lasiocarpus Sniitli 

Phfagfytidium bufMctnicwn 
SaccJiarum Officinamm L. 

Apiospora camptospora 
Botryodiplodia theobroinw 
Capnodium sp. 

Gercospora laopJcei ■ 
CoUectotriclmm fahatum 
Fusarkmi monilriforme 
Leptosphceria sacchari 
Marasmius sacchari 
Melanconiu7)i sacchari 
Phoma saccharina 
Phyllachora sacchari 
Vstihgo scitmninea 
Sacchamm spo7ita7iemn L. 

Phyllachora sacchari-spo7%tanei 
Puccinia huehnii 
ScMma nervoswn Thw. 

Phyllachora ischmni 
ScMma walUchii Chois. 

Phyllachora permixta 
Sesamum orientate L. 

Gercospora sesami 
Cladosporimn herbarwn 
Fusarium sp. 
Helminthosporium sp. 

Oidium erysiphoides 
Macrophomina phaseoli 
Smilax sp. 

Puccmia prainiana 
Solarium melongena L. 

Gercospora feuilleauboisii 
Oidiopsis taurica 
Solarium tuberosum L. 

Alternaria solani 
Phytophthora infesta^is 
Rhizoctonia solani 
Sclerotium rolfsii 
Spongospora subterranea 
Sorghum halepense Pers. 

Puccinia purpurea 
Sorghum sp'p. 

Gerehetia volJcensii 
Gercospora sorghi 
Clamceps sp. 

Gollectotrichum graminicolum 



Phyllachora sorghi 
Puce k da p urpurea 
Sphacelotheca reilimia 
Sphacelotheca sorghi 
SicTCulia alafa. Eoxb. 

Glceosporium sp. 

Tectona grandis L. f. 

Aschersonia cmnabarina 
Hypocrclla discotdea 
HypocreUa ni ollii 
Phylloslicta tectonce 
Uncinula tectonce 
Uredo iecionw 

Tcrrninalki caiappa L. ^ 

Glceospori um ierinvnalicd 
Phylloslicta cdtappce 
Tenninalia sp. 

Asterina magnifica 
Pyrenoca rpon magnificum 
Themeda {A^ithistiria) triandra Porsk. 

Puccinia burmanica 
Themeda sp. 

CoUectoirichvMi sp. 

Thysanolcena procera Mez. 

RoselUnia sublimhata f 

Trigonella fcenum-grctceimn L. 

Gercospora iraversiana 
Triticum cestimmi L. 

Cladosporium Jierbarum 
Helm inthosporium sativum 
Puccinia glumarum 
Puccinia graminis 
Puccinia triticina 
Sclerotium rolfsii 
Ustilago tritici 
Tropceolum majus L. 

OidicBopsis taurica 
Yigna ung-uiculata (L.) Walp. 

Oidium erysiphoides 
Uromyces appendiculatus 

Viiis vinifera L. 

Gercospora viticola 
Plasrnopara viticola 

Zanthoxyluni sp. ^ 

Aecidium spissum 

Zea 'mays L. 

Diplodia sp. 

Helminthosporium turcicum 
Puccmia sorghi 
Zingiber officinale Rose. 

Pythium apha^iidermafnm 
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: , ; INDIAN PLANTS LIABLE TO. PEODUCE DBEMATITIS 

By 11. L. Badhwar, S, L.. Nayar a-ml I., C. Chopra^ 

Medicinal Plants a.iid Food. . Poisons I,iiqiuiy, Imperial Coiiiioil of ' .Agriciiltiii*al Research j D.rug 

Eescmroli Lal>Dra.tDiAL Janimu Tawi 

(Ptf:,M^C.v'ed for- pii}.4ieat.io.n o.'n .19 •January ■] 945) 


There are a imniber of pla,rit3 which are capable 
of producin.g iiTitation of t.he gJcin. This may be 
brought about by contact with the shin as in the 
case of some species belonging to the. genera 
Pkus, HoUgarna, Uflica, etc. resulting in minor 
or temporary irritation of the skin or painful 
■ irritation and infiaimiiatioii yritii vesicles or 
blisters^ depeiicliiig on thewns verity of the contact 
and the siisceptibilit}^ of the individual. ■Fiirtlierj 
there are certain plants, such as Fago-pymm 
esculentim^ Moeucli,, Hypericum perforatum, Linn, 
'etc. which if ingested hy certain livestock under 
certain conditions lead to a iihotoseiisitkation and 
consequent dermatitis of the iiiipigniented portions 
of the skill.' Dermatitis may, therefore, be either 
produced by '.contact ..with irritant substances . 
.p.rodiicecl by the plant or by ingestion of tlie plant' 
itself. An important point to remember in the 
case, of these plants is iliat a numlier of them 
produce' dermatitis only occasional};^ in individuals 
who are especially susceptible to' them. Others 
are more troiibleso.me and. ca'use dermatitis in., 
many, but not all, individuals who may come in 
contact with them or eat them. 

The Opines and thorns of a luiinber of plants are 
also capable of entering the .. skin aiiil 'setting up 
irritation. In some cases whe.ii tlie ])unctures so 
formed in the skin become subsequently infected 
with harmfiil ..'iriicio-organisms serious septic 
wounds may.be prodxicecL Such plants .are found, 
in abundance in India, but obviously the in]’ my 
they inflict is inecliaiiical and hence they cannot 
come under the category of poisonous plants. 
They are, therefore, excluded from the scope of 
the present paper. On the other hand, the hair 
on the pods of some species of Miicuna have 
more or less a mechanical action in producing 
irritation ; these have been included in this paper. 
The reason is that unlike the sharp spines which 


produce merely mechanical injury they produce 
prolonged irritation and itching due possibly 
to the presence of certain chemical substances. 
It has been considered desirable, therefore, to 
draw attention to the existence of such plants 
the irritation produced by which very closely 
resembles that produced by stinging nettles. 

In India approximately 76 plants occur which 
are capable of producing dermatitis in susceptible 
individuals. In some cases their action is expli- 
cable by the presence of irritant substances 
produced by the plants, in other oases the pheno- 
inenon is not yet fully understood. The following 
are some of the im portant types of plants which 
may injure the skin and Avliich are usually met 
yd til ' in this co'iintry 

(1) Rhus type ichere the juice of plant comes in 
coMact with: the shin and prod/uees dermatitis : 
Sollinann [1936] v/riting about some of the foreign 
species of Mus* says Contact w.ith certain species 
of E/ms common along roadsides, on fences, 
in vcoods and swamps, etc., produces typical 
doimatitis passing through the successive stages of 
hyperoiiiia and itcliing, to voilent vesication, 
edema, and suppuration, according to the specific 
sensibility of the individual; many persons are 
praetiGally immune, although a sufficient quantity 
of tlie isolaued toxicodendrol has never failed 
to produce dermatitis. 

The active ingredient of all the species is a 
phenolic oily resin, toxicodendrol, contained in 
the sticky sap of the plants, which exudes when' 
the plant is injured. It is identical or ver}^ similar 
in all the toxic EA'ks* species. It is so highly active 
that 1/1,000 mg. has caused severe vesication. 
Toxicodendrol is not volatile, but it may be 
conveyed to some distance in the soot in the smoke 
of burning plants, and perhaps on dust, and by 
insects alighting on injured plants. None in 
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present in the pollen, as has been claimed. It may 
be conveyed by the hands or clothing from 
person to another, as if it were contagious. ” 
Travellers in the Himalayan forests often hear 
some of the villagers having almost similar belief 
regarding the Indian species of Rhus. They 
would not touch the rfeis trees or have anything 
to do with them ; some of them actually avoid 
even passing under them. Even the smoke, 
smell or sight, they say, will cause swelling and 
vesication of the skin. And yet it^ has been 
observed that many individuals are immune to 
these plants. To a lesser extent species of Holi- 
garna are similarly dreaded in India. Such, 
cases of poisoning may be treated thus : After 
contact the exposed part may be freely washed 
with some alkaline solution. A 5 per cent solution 
of ferric chloride or ordinary soap solution are 
best used for the purpose. Before exposure, use 
of this measure may prevent the manifestation 
of harmful effects. Local application of baking 
soda or Epsom salts, one or two teaspoonful to a 
cup of water, or a 5 per cent solution of potassium 
permanganate may relieve the pain caused by 
inflammation. Eluid extracts of Glrindelia, diluted 
with 6 to 10 parts of water is recommended for 
preventing the spread of inflammation. Oint- 
ments containing fatty or oily substances should 
not be used as the poison is soluble in oils and will, 
therefore, spread over other parts. Such emollients 
may, however, be applied as soothing agents, 
after the poison has been thoroughly washed 
away. It has been found by experiment that 
a certain amount of tolerance to the toxic effects 
of this plant may be developed in man by giving 
per os small and increasing doses of an alcoholic 
extract made from the plant to susceptible indi- 
vidual. Attacks of dermatitis in man caused by 
these plants may be prevented by subcutaneous 
injection of the alcoholic extract. The immunity 
produced by this method, however, does not 
persist longer than one month [Sohamberg, 
1919]. 

Important families which include plants whose 
juices are harmful are Anacardiaceae, Asclepiada- 
ceae, Araceae and Euphorbiaceae. Species of 
Semecarpus, Rhus, HoHgarm, Excoecaria, Euphor- 
bia, Oalotropis, Arisaema, etc. are the well-known 
examples in the point. 

(2) Vrtiea type where apparently tJie stiff hairs 
on the plant are responsible for producing derma- 
titis : Urticaria produced by contact with the 


hairs on the stinging nettles, such as species of 
Urtica, Girardinia, Laportea,_ Fhurya, Tragia, 
etc. is bvell known. This urticaria is an inflam- 
matory disorder accompanied by a considerable 
burning and itching in the affected part. The 
rash may come out in large or small patches, 
remaining'for a few minutes or several hours and 
may disappear quite abruptly. It usually leaves 
no trace behind. Laportea crenidata (laud, is 
perhaps the worst of all stinging nettles foumi in 
India. Contact with its hairs produces severe 
burning pain which may last for several days and 
is said to be greatly aggravated by the application 
of water. The sting is particularly poweilul 
during the flowering season when it is said to 
bring on voilent sneezing, sleeplessnes.s aird fever, 
hence the local English names (Fever nettle, Devil 
nettle) by which the plant is known to cottee 
planters. According to Haines [1921-25] the 
plant is quite innoccuons at some times of tlie 
year. This may be so on account oi the liaiis being 
deciduous, and that they are especially abundant 
on the inflorescence, but we have never found the 
plant to be entirely harmless at any time. Haines 
remarks that while cutting coupe-lines in Novem- 
ber in the Sikkim Tarai,' where it is sometimes 
gregarious, his coolies were attacked with sneezing, 
violent catarrh and ultimately vertigo, apparently 
from inhaling the numerous minute hairs. Out 
of all these stinging nettles the mechanism of 
producing dermatitis in the case of Urtica droica 
Linn, is well understood, and it is likely that 
others may resemble this plant to a greater or less 
degree. What happens in the case of Urtica' 
dioica is that the very fragile ends of the hair 
penetrate the skin and are broken _ off. The 
irritating principle from inside the hair is brought 
in contact with the tissues and the uncomfortable 
itchy sensation accompanied by nettle rash super- 
venes. It has generally been accepted that the 
irritating material in the stinging hairs of this 
plant is formic acid, but investigation by Cleery 
[1927] has thrown a considerable light on the 
subject. According to this author the protoplasm 
of these hairs has an alkaline reaction, and encloses 
an acid cell sap. The cell sap contains a small 
amount of formic acid as well as acetic, butyric, 
and other volatile fatty acids. The specific 
poison of the cells, which is a non-volatile substance 
of an acid nature allied to the resin acids, is in 
solution in these acids. It is neither formic 
acid, nor probably an enzyme, or a toxalbumin. 


iXDlA.N PLANTS LIABX.B TO I^HOBUCE BEKMATITLS 


According,, to Cieeiy [1927] it is witliotit doubt; 
allied .to,, tlie imtniit ' .siibst^anoes fbm in some 
Priniiilaceae, Anacardiaceae and allied plants/. ... 

. A. popular .remedy , against tlie stings of .these, 
stinging nettles is to rub over the affected part^ 
.the. .leaves,, of, Rwmx nepalensis and 

R. orienUdis Bemli. 'which are commonly met 
with and are often found near the nettles.. They 
afford substantial relief, ;but if these are not 
ava.i]able ,., one's own ,:S.aliva . rubbed in is, quite 
ellective. Dilute ammonia is a good remedy and if 
a\7-ailable should be rubbed in over the affected 
parts. 

(3) Pfiotmensitizfdion the ingestion of 

2)lants : plants, Fagopymm esculen- 

t'OXi Moencli. and Ilypemum peff orakmi Lhm,, if 
ingested under certain conditions and stages of 
gi'ovdh are capable of producing pliotoseiisitiza- 
tion and conse<.]uent dermatitis of unpigniented 
])ortions of the skin. All kinds of stock and 
laboratory animals which have an unpigniented 
skin and which are exposed to sunlight after the 
ingestion of the plant are liable to get this condi- 
tion. Animals having pigmented skins or those 
not exposed to bright sunlight do not develop 
any symptoms. Photosensitization can be pre- 
vented by (a) feeding these plants to stabled animals 
only and discontinuing the feeding about a month 
before animals are sent out to graze ; (6) allowing 
such animals to graze in the early morning, late 
afternoon and at night only ; and (c) by covering or 
staining albinos and white parts of pigmented 
animals. When the animal is actually affected, 
feeding must be discontinued at once. The animal 
must be immediately shaded and a purgative given. 
Symptomatic treatment should also be applied. 
Among human beings, certain individuals are 
known to be sensitive to buckwheat which comes 
under this category. Severe itching is experienced 
and a rash is produced after eating food made from 
buckwheat flour. 

(4) Miscellaneous: Some plants, such as 


Xanthium strmnarium Linn., produce dermatitis 
only in very few individuals wdio are sensitive 
to this plant and that too only at the pre-fruiting 
stage. This has been observed in the case of our 
own plant collector who has often suffered by 
contact with this plant. The poisonous principle 
responsible for this action is not known. In other 
cases, such in Lasiosiphon eriocephalusiDeciie. f 
contact with the plant under natural conditions 
does not usually produce dermatitis. The dust 
from dried plants produces smarting of the eyes 
and mucous membranes and even of the intact 
skin. 

Essential oils contained in the plants are 
sometimes responsible for irritating the skin, such 
as in the case of Erigeron canadensis Linn, and 
Rata gmveolens Linn. The resin from the root- 
stocks of Podojjhyllum hexandmm Royle is capable 
of producing severe irritation of the eyes and the 
mucous membranes generally. There are in 
addition a number of plants the exact mechanism 
of w^hose action or the active principles responsible 
for producing dermatitis are not yet fully under- 
stood. Research could be profitably undertaken 
on these plants so that rational treatments may 
be evolved against their injurious effects. 

Below is given a list of plants occurring in 
India, which have been responsible for producing 
dermatitis. Their English names, common verna- 
cular names, distribution, part or parts responsible 
for this condition and their cheniicar constituents 
and other general information, so far as these are 
known, are indicated for each species. 

We are grateful to Col. Sir Ram Nath Chopra, 
CI.E., for the valuable help and advice he has 
given us. 

The following are the abbreviations used for the 
vernacular names : 

Be. — Bengali ; Bo. — ^Bombay ; Hi. — Hindi ; KaHi. — 
.Kashmir ; Kum, — Kumaon ; Laid, — Laddakh ; Lep. — 
Lepcha ; Mai. — Malayalam ; Mar. — ^IMaratlii ; Wep. — 
Nepali; Pers. — Persian; Pun. — Punjabi; Sans. — 
Sanskrit ; Tam. — Tamil ; Tel. — Telugu. 


Name of plant 


Distribution 


Constituents 


The part or parts 
of the plant whieii 
cause dermatitis 


L Abroma augtista Linn. /. 
English — 

Be^iFs Cotton 
Vernacular— 

Hi. & Be. — VlatJcambal; 
Bo . — UlaJctam bal 


A shrub, native or cultivated, 
throughout the hotter parts 
of India from the North- 
West India to Sikkim at 
alt. of 3,000 ft. ; Khasia 
mountains at altitudes of 
4,000 ft., and Assam^ 


Irritant hairs 
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Name uf plant 

Li.-ii-Hbatloa | 

1 

: ■ . (‘onsi'ituents 

Th;* [VU’l or p.iris 
of iae |>iaui which 
dermatitis 

2. Ailantlms aUissima^ (Mill.) 
Swingle (Syn. A. Olandii- 
losa Desf.) 

English — 

Ailanto, Chinese sumach, 
Japan %’'arnish tree, 
Stinking cedar. Tree 
of the Gods, Tree of 
heaven 

A large deciduous tree met 
with in the hills of Northern 
India, most probably intro- 
duced from Japan. 

The floWHcrs can lain au e-,seii- 
tial oil [Is:;,ev, lb*!:.:]. The 
Inirk contains 0*0o5 pec 
cent of a very bitter crystal- 
line substance named ailaii- 
thin and probably also ^ a 
glneoside and a sajjoiiiii 
i Wasicky and Orien, 19d3]. 

‘Leaves, flowers 

3 . Anamrdium occulentaU 

Linn. 

English — 

Cashew nut, Cashew 
apple 

Vernacular — 

Hi. & Bo.—Kaju ; Be.-- - 
Biffli badam. 

A small tree originally intro- 
duced from South America; 
iiuw established in the 
coastal districts of Sotsth 
India, CJIiittagong, and the 
Andaman islands. 

The cellular pericarp^ is full 
of a biiiok, ea.rustie, ouv 
juice which is a, povn-rfai 
■ rubefecieiit and vesicant. 

It contains the phenolic 
compound cardoJ, aiiacarfUc 
acid and an ethor-soluble 
subatrnice to which caufclin- 
ridlu-like eifeets ot the oii 
are .attributed (Joseph 

and 8 iiriboi:oiigh, 1923]. 

Jidcc from the pericarp and 
trunk is very caustic and 
jjinduces blisters. The 

nut within which is the 
kernel (tJic cashe,w nut) 
must be roasted to get 
rid oh the poisonous 
substance. The iuines 

jirisiiig from their roast- 
ing are very irritating. 

4 . Anagallis amnsis Linn. 

English — 

Bird’s eye, Red chick- 
weed, Shepherd’s 

calendar, Shepherd’s 
delight 

Vernacular — 

Hi . — Jonlchmari 

An erect or procumhent 
annual found over the 
greater part of Intlia as- 
cending to an aJtitiido 01 
8,000 ft. in tlie Himalayas. 
The red-flowered variety is 
found ill Ivashmir, but the 
blue- flowered one- is more 
common in India. 

The herb [Wehmer, 1929- 
31 ; Buppl&ment^ 1935] 
contains two glucosidio 

■ sapoiiins while the ^ root 

■ ■ contains cyclarnlii wlileli is.. 

also a glucoside. 

Lr^av es 

5 . Anthemis cotula Linn. 

A foetid-smelling, acrid, erect 
annual l.crb found in 
Baluchistan and probably 
in Sind also. 

The fresh piaiit ^ yields 0-01 
per cent and fresh tlovvers 
about 0*013 per cent of an 
essential oii [Hurd, ldB5 ; 
Haake, 1891]. 

Leaves and liowers 

6 . Apium graveolens Linn, 
(wild form) 

English — 

Celery, iVIarsh parsley 
Vernacular — 

Hi. & Sans. — Ajm,oda ; 
Be . — Chaim 

A biennial herb found at the 
foot of the North- West 
Himalayas and outlying 
hills in the Punjab. It is 
cultivated in ditlereut parts 
of India during the cold 
weather, chiefly as a garden 
crop in the vicinity of tt)wns 
for use as a salad and as a 
potherb. Sometimes it is 
cultivated iu Bengal for its 
seed and in the Punjab for 
its roots. 

Th(‘ herb contai th- glimn- 
side apiin [Van Rijn, IhBlj 
and an esseritial oil. Tne 
tubers contain vciy little 
of this oii but fruits contain 
2*0 to 3 per cent. 

According to Watt [ 1889 - 
96 ] and Pammell [ 1911 ] 
the plant is irritant. 
Miionschor [ 1939 ‘] states 
that leaves arc irritant. 

7. Arisaemaspeciomm (WbJL) 
Mart. 

Vernacular — 

Idun.—Kiralu, Samp-hi’ 
khumb 

A herb found in the tem- 
perate Himalayas, from 
Hazara to Sikkim and 
Bhutan at altitudes of 
7,000 to 10,000 ft. 


Juice, especially from 

tubers 
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Name of })iant 


8. Arisaemn tortuosum. (Wall.) 
Hohott. 

Vernaciilar— : 

Pun. — 'Bow, Kiri~ln~ 

KMJcr! 


9. Asparagus officinalis Linn. 
English — 

Asparagus, Sparrow 
grass, 

^ Vernacular — 

Hi . — Halyun ; Be. — 

Hihuna 


10. Galotropis gigantea (Linn.) 
Bryand. 

Vernacular — 

Hi . — Ah : Sans. — Arha; 
Be, & Bo . — Ahanda 


11. Galotropis procera (Limi.) . 
Dryand. 

Vernacular — 

Hi. — Ah^ Madat\ M un- 
do r ; Sans.'' — Ainrht ; 
Bo , — Mn 11 da ra 


Distribution 


A tall plant found in the tem- 
perate and subtropical 
Himalayas from Simla to» 
Bhutan at altitudes of 
about 8,000 ft., also in 
ILhasia Hills, Manipur, 
Chota Nagpur, Ranchi and 
Parasnath. In western 
India it is found in Konkan, 
and in the Madras Presi- 
dency in Rampa Hills at 
4,500 ft., Horsley konda at 

4.000 ft., and in Western 
Ghats at 3,000 to 7,000 ft. 
above sea level. Accord- 
ing to Buthie [1903-29] 
the Dehra Bun plant wMch 
is found at altitudes of 

3.000 ft. dilfers considerably 
from the typical A. tortuo- 
sum of Schott. 


A stout shrub frequently met 
with throughout India as a 
weed on fallow land and in 
waste ground except in the 
Punjab where it is some- 
times found in gardens 
only (FI. Brit. Ind. men- 
tions the plant as occurr- 
ing in the Punjab, but this 
seems doubtful to us). 


A shrub found more or less 
throughout India in warm 
and dry places from the 
North-West Frontier Pro- 
vince and in the Punjab to 
Western,. Central and 
Southern India, it occurs 
abundantly in Sub-Hima- 
layan tracts and the ad- 
iacent plains in the North- 
West. 


Constituents 


The fibre of this plant contains 
a toxic bitter substance. 
The juice contains a proteo- 
lytic enzyme similar to 
papin [Basil and Nath, 
1933 ; 1936]. The roots 
contain a gutta-percha-like 
substance (madar alban) 
consisting of isovaleric esters 
of two alcohols, and also 
a bitter yellow resinous 
substance [Sharma, 1934; 
Hill and Sarkar, 1915]. 


The milky juice contains a 
proteolytic enzyme and 
a toxic substance [Gerber, 
and Flourens, 1913]. It 
also contains a highly 
active resin [Gerber and 
Flourens, 1912]. The root 
bark contains a bitter 
vellow resin but nc^ alka- 
loid [Sharma, 1934]. 


The part or parts 
of the plant whicdi 
cause dermatitis 


Juice, especially from 
tubers 


Young stems [Muenscher, 
1939] 


Milky juice. Its action 
is 'particularly severe on 
raucous membrane. 


Milky juice. A child about 
three years old, acci- 
dentally during ^ play^ 
brought the juice in 
contact with his pre- 
puce, Ho was brought 
to the hospital two days 
afterwards. The part 
was very much sw'ollen 
and there were patches 
of ulceration with 
narcosis. The patient 
had difficulty in passing 
urine. On circumcision 
the glans penis was also 
found to be swollen and 
ulcerated. 
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Name of plant 

Distribution 

Constituents 

The part or parts 

1 of the plant which 

t cause dermatitis 

12. Cannabis satira Linn. 
English — 

Hemp. 

Vernacular — 

Hi./Be. cK: Bo. — Bhang, 
Cmij 1 ; Sans. — 

Canj t kti 

This plant is found in many 
! parts of India on waste 
i ground and by the road- 
side. In the Himalayas it 
grows wild and is widely 
distributed, while it is 
acclimatized in the plains 
and is also occasionally 
cultivated. 

The resinous matter (charas) 
found on the leaves, young 
twigs, bark of the stem 
and unfertilized flowers of 
the female plant contains 
about 1*5 per cent of a 
terpene, about 1*75 i^er 
cent of a sesquiterpene, a 
hydrocarbon monakosane 
and a toxic red oil, which 
is the active constituent 
of the plant. The approxi- 
mate yield of the red oil 
is 33 per cent of the resin 
[Wood, Spivy and Easter- 
field, 1896 ; Marshal, 

1897]. 

Leaves, flowers 

13. Oissus setosa Roxb. . 

(Syn. Vitis setosa Wall.) 
English — 

Hairy wild vine 
Vernacular — 

Hi. — Harmel ; Bo. — 

KJiajgoli’chavel 

A shrub found in Western 
India from the Circars and 
Mysore southwards 


Juice 

J4. Datura siramonium Linn. 
English — 

-Devil’s apple, Jimson 
^ weed. Thorn apple 

Vernacular — 

Pun . — Tottu dnttvra; 

Bo . — Sada dhutura 

A coarse, annual herb found 
on the Himalayas from 
Kashmir to Sikkim up to an 
altitude of 9,000 ft. It is 
also met with in the hilly 
tracts of central and south- 
ern India. 

The content of the alkaloid 
in the leaves varies from 
0*3 to 0*5 per cent, the i 
chief alkaloid being hy- 
osey amine. The bark, 

wood and pith of the stems 
contain 0*25, 0*09 and 0*20 
per cent of the alkaloids 
respectively. The roots 
contain 0*1 to 0*25 per cent 
of alkaloids and the seeds 
0*46 to 0*52 pt^r cent [Feld- 
haus, 1905]. In some 
Indian specimens the total 
alkaloids in stems and roots 
vary from 0*19 to 0*26 per 
cent and in leaves and 
fruits from 0*38 to 0*45 per 
cent [Andrews, 1911]. 

Leaves, flowers, fruits 

15. Daucus carota Linn. 

English — 

Carrot 

Vernacular — 

Hi., Bo. & Pun. — Gojir; 
Sans . — Sh / Iclia-umiam 

A hispid biennial herb culti- 
vated throughout India as 
an article of food 

- ■ ■■ „ 

The fruit of the cultivated 
carrot yields 1 to 1’5 per 
cent of an essential oil con- 
taining /-a- pinene, and 
a crystalline body named 
daucol [Finnemore, 1926]. 
The leaves contain the two 
bases pyrrolidine and dau- 
oine [Pictet and Court, 
1907] besides an essential 
oil. 

It has been stated that some 
persons develop derma- 
titis on coming in contact 
with carrot leaves, espe- 
cially when they are wet. 

16. Delphinium ajaeis Linn. . 

Cultivated in gardens 

The seeds contain 2 alkaloids 
crystalline ajacin and crys- 
talline ajaconin [Wehmer, 
1929-31, Supplement 1935]. 

Leaves, seeds 
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Name of plant 


Distribution 


Constituents 


The part or parts 
of the plant which 
cause dermatitis 


17. Dict(iMnu8 albus JAnn, . . 
English — 

Bastard dittany, hra- 
xmella. White dittany 


18. Brig er on canadensis Linn, 
English-- 

Cobbler’s pegs, Canada 
fleabane 
Vernacular — 

ICash, — Ka'h 


A strong-smelling shrubby 
plant, met with on the tem- 
perate Western Himalayas 
from Kashmir to Kunawar 
at altitudes of 6,000-8,000 
ft, : ver\^ common in Pangi. 


An annual herb found in 
the Western Himalayas, 
Punjab and Eohilkhund 
up to an altitude of 4,000 
ft. It is plentiful in certain 
valleys in Kashmir. It is 
also found in Shillong 
(Assam) and on the W estern 
I Ghats and Kilgiris up to 
6,000 ft. above sea level . 


The roots contain an ethereal 
oil, a bitter substance, a 
saponin, a crystalline 
dictamnolaction (probably 
identical with evodin), a 
crystalline toxic alkaloid 
dictamnin and also a phe- 
nolic substance. The 
flowers contain 0*05 per 
cent and leaves 0*15 per 
cent of an essential oil 
[Wehmer, 1929-31, 
ment 1935], 


Fresh leaves contain 0*33 to 
0*66 per cent and dry 
leaves 0*26 per cent of an 
essential oil [Wehmer, 1929- 
31, ^Supplement 1935 ; 
Rabak, 1905]. Tannic 
acid and galhc acid have 
also been isolated from the 
leaf [Wehmer, 1929-31, 
Supplement 1935]. 


Leaves, capsules 


Leaves. The oil has an 
acrid taste and causes 
smarting of the eyes and 
soreness of the tlu’oat. 
The leaves produce irrita- 
tion of the parts of the 
body coming in contact 
with the plant,. When 
powdered the leaves pro- 
duce a dust which is 
irritating [Pammell, 

1911]. 


19. Buphorbia acauUs Roxb. 
(Syn, E* fusiformis Buch. 
Ham.) 


20. Euphorbia antiquorum Linn 
Vernacular — ' 

yii.^Triddiara-sehimd I 
Sans . — Yajra kantaJca ; 
Be.—Tehata ^ sij ; 
Bo . — Naraseji 


Found in the tropical Hima- I 
layas, Oudh, Bengal and 
western India 

A large shrub or a small tree 
found in dry places through- 
out the hotter parts of 
India ascending to an alti- 
tude of 2,000 ft. It is also 
occasionally cultivated as 
hedge plant in villages. 


21. Jiuphorbiu caitimando W. An erect shrub found on tte 
Elliot (KJ. trigmia El- Brit. dry rooky 
Ind., in part) Deccan and probably other 

parts of India 


Euphorbia helioscoijia Linn, j 
English — ■ 

Cat’s milk. Sun spurge, 
Wartwort 
Vernacular — 

Hi . — HtrruseeaE ; Pun. 
Ganda bute 


An annual herb which is a 
common field weed in 
spring throughout the 
plains of the Punjab and 
the Siwahk tract, ascending 
to 8,000 ft. in 'the outer 
Himalavas. It is also 
found wild in the Nilgiris 
where it has been intro- 
duced. 


Milky juice very acrid and 
vesicant 


Milky juice intensely irri- 
tant. During the collec- 
tion of juice by the 
authors, the person em- 
ployed for the purpose 
complained bitterly of 
itching all over the face, 
which was also consider- 
ably swollen. The trou- 
ble, however, was relieved 
by the application of a 
soothing preparation for a 
couple of days. 

Contains euphorbon [Henke, ;Milky juice, which is vesi- 

cant in fresh condition 


The fresh herb contains a 
iion-haemolytic saponin and 
also an acid saponin which 
is strongly ^haemolytic 
[Gonnerman, 1919]. The 
seeds contain 32*6 per cent 
of a fatty oil the physiolo- 
gical action of which is due 
to a powerful purgative 
principle [Gillot, 1926]. 


Milky juice. Dymock [1884] 
reports a case of severe 
i ulceration resulting from 

I the application of a 

1 poultice made from the 

I bruised plant. 
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The part or parts 
of the plant whicli 
(‘ause dermatitis 


distribution 


is rubefacient 


TiifdliaUnn. A large fleshy shrub occa- 
_ sionally planted in villages 

niJ ■ Sans. — as a hedge plant through- 

Be — jtfeaaf- out India and is sometimes 

, —Mhiijiiln found wild on waste 

land. In Orissa and in the 
Deccan it is said to occur 
in a state of nature in rocky 
places. 

iiviiha Buell.- A large shrub or a small tree 

found in dry rocky i>laces in 

__ Northern, Central and 

-Bo.— Southern India 
■PatUi hnv^ 

^ulnsUm-i. DrobabJy an introduced 

species 


The herb contains 4*8 per cent 
of an oleo-resin LVevey, 
1008]. It also contains 
neutral and acid saponins 
with haemolytic properties 
[Gonnerman, 1919]- 


Found in Central, Western and 
Southern India 


26« Pu^^iOThicL' bpreng- 


Very injurious 


A fleshy shrub common on the 
dry and hot rocky slopes of 
the outer ranges of the 
Western Himalayas from 
the Indus to Kumaon, 
ascending to an altitude of 
6,000 ft. ; also on the Salt 
Range in the Punjab. It 
is also commonly grown in 
hedges in the Suh-Hima- 
layan tract and the adj acent 
plains. 


27. Euphorbia roylaana Boiss. 
Vernacular — 

Hi, ct* Ihib. — Sh'jkar 
yilam, Thor 


It occurs in Western Tibet, 
Kurrum, Kashmir (Gilgit), 
etc. at altitudes of 10,000 
to 12,000 ft. 


28. Euphorbia 
Boiss. 
Vernacular- 
Kash . — 1 


iMilky juice is rubefacient / 
and vesicant. It produces 
vsevere inflammation and 
excruciating pain if it 
gets into a cut in the 
skin or into the eyes. 

It is said to be used by^ 
criminals to destroy the • 
eyes of domestic animals. 


le milky juice contains 
about 20 per cent of resins 
[Wehmer, 1929-31, 8np~ 
plement 1935]. 


An unarmed shrub or a small 
tree which is a native of 
Africa and has become 
naturalized in several 
places in India. It is often 
grown as a hedge or oc- 
casional! v as a road -side 


29. Euphorbia UrucaUi Linn. 

English— Milk bush, 

Indian tree spurge 

V em acular — Hi. — 8 ehund 
Be . — LanJea sij ; 
Bo . — Shera 


Milky juice is acrid and 
in fresh condition, is 
vesicant. 


The milky juice contains 
euphorbon, resin, rubber- 
like substances and malic 
acid [Wehmer, 1929-31, 
Supplement 1935]. 


ti erect, glabrous shrub, 
found in the dry rocky 
hills ill the Deccan. 


30. Euphorbia triffouci • (A. 
irigona PI. Brit. Ind., in 
part) 

V ernacular — -Tel* — Kaiti^ 
tnandu 


INDIAN PLANTS LIABLE TO I>RODU’OE DEKMATITIS 


Xainc of [jlant 


Distribtit.ioii 


CoiiBtituenfts 


part or parts 
of the plant- wMeh 
cause deriratitis 


3i EsccoBCfiTui cigciUochd liinn. A small tree found in tidal 

forests and swamps on all 
Fnglish--BliiKliiig tree the coasts of India. 

yernac\i\iiv-—Be,---Gmigwa; 

Bo . — Qeva , 


H2. F(igoi)yrunh es(ndentimi> 
Moench, 

English— Buckwheat, 
Brank 

Vernacula r— Hi . — Ko ■ if ? 

Kaltzin Phaphra ; 
Bun . — /hi ran, 
P}Kiph(i)\ Obal ; 
Kash. — Trumba 
shir in. 


An annual herb extensively 
cuitivated in the Himalayas 
and Sub-Himalayan tracts 
and in Western Tibet at 
altitudes of 2,000 to 12,000 
ft. ; also in the Khasia Hills, 
Alanipur, as W’eli as in the 
hilly districts of Central and 
Southern India. 


33. Flmvrya 

Gaudich. 


interrupta 


V ernacu lar — H i . — Lai 
bichna 


34. Ginkgo biloba Linn. 
English — • 
Maidf'n-hair tree 


The herb contains the gluco- 
side rutin, the seeds contain 
a substance which is toxic 
to loAver animals [ Ohmke, 
1909]. The roots are said 
; to contain oxymethyl- 
anthraquiiiones [Maurin 
j 1925; 1926]. 


An erect herb found in Bihar, 
Central Bengal and Khasia 
Hills. In the Bombay 
Presidency it is met with 
in Konkan, Southern 
Maliratta Country^ and 
Kanara. In the Presidency 
of Madras it has been re- 
ported fromlihe hiUs south 
of Mysore at altitudes of 
1 5,000 to 6,000 ft. above sea 

level and also from the 
Hampa hills of the Eastern 
Ghats. 

Barely cultivated in gardens. 
There is one tree in Amrit- 


Th.e fresh sap is extremely 
acrid and caxises intoler- 
able pain if it accidentally 
gets into the eyes, wdiich 
sometimes happens to 
I wood cutters when the 
tree is cut for fuel; 
hence the name ‘ Excoe- 
caria It blisters the 
skin and produces sores. 

All parts of the plant, 
whether dry or fresh, are 
capable of producing 
photosensitization (fago- 
pyrism) in animals, 
the fresh plant in the 
flow'ering stage being con- 
sidered most toxic. The 
symptoms are : in 6am- 
matory sweEing accom- 
panied by severe itching 
of the ears, face and eye- 
lids, spreading on to the 
sub-maxillary region and 
neck. In severe cases 
vesicles containing yel- 
lowish fluid appear on the 
affected part. These vesi- 
cles may become infected 
with bacteria and give 
rise to purulent and even 
narcotic dermatitis. 

Among human beings 
certain individuals arc 
known to be sensitive to 
buckwheat. They 

experience severe itching 
and develop a rash from 
eating food made from 
buckwheat flour. 

Stinging hairs on plant 


The leaves contain flve crys- 
talline substances and also 
shikiminic acid. The seeds 
contain gingkol acid, two 
alcohols, ginnol and bilobol, 
and also asparagin [Weh- 
mer, 1929-31, Supplement 
\ 1935], 
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Xaine of j>l<int 


Distribution 



35. Girardinia heierophylla- 
Decne. The varieties 
zeylanica and palmaUi of 
the Flora of British India 
are now considered by 
several botanists as 
distinct species, viz. 

G. zeyhuica Decne. and 
G. Uschmaultimia Decne. 
respectively. G. zeylaw- 
ca is found in the south- 
■ western hilly portion of 
the United Provinces and 
extends through Chota 
Naginir, Mt. Abu, Kon- 
han and the Deccan to 
the hills of Southern 
India and the west coast 
of Madras Presidency 
fi’oin 1,000 to 5,000 
ft. above sea level. 
G. leachenmiltiana is more 
restricted in its distribu- 
tion and is found on the ^ 
mountains of the Western 
Ghats at altitudes of 

, 4,000 to 7,000 ft. Both 

these are known as Nil- 
giri nettles while the 
name Himalayan nettle 
• is restricted to G, Jietero- 
2 >hyll(i^ 

English — 

Himalayan nettle 
Vernacular — 

Hi.— -Aik, Bickm, C7ii- 
chr ; Pun.— A’wJfW, 
Bhabm\ Karla 

36. Hedera helix Linn. 

English — 

Barren ivy. Creeping 
ivy, Ivy 
Vernacular — 

Hi . — Labia b ; Pun. — 
Banda ; Kash. — 
Karmora 

37. Hippomane mancinella 

Linn. 

English — 

Manchineal tree 

38. Eoligarna arnottiana 

Hook/. 

Vernacular — 

Bo . — Biba 


A perennial herb found in the 
subtropical and temperate 
Himalayas from Kashmir 
to Sikkim, up to 7,000 ft. 
above sea level, also in 
Assam and the Khasia 
Hills. 


39. 


40. 


An evergreen, climbing shrub 
found in the Himalayas 
from 6,000 to 10,000 ft. 
above sea level and in the 
Khasia Hills from 4,000 to 
6,000 ft. 

A much branched tree intro- 
duced from America, it is 

now occasionally cultivated 

in In^an gardens. 

A tall tree found in the ever- 
green forests on the W astern 
Ghats from the Konkan 
southwards. 


H, grahamii (Wight) Hook, 

Vernacular — 

]\Iar. — B dwuU, Bipte- 
JJ. longifoUa Buch.-Ham. 

ex Roxb. 

Vernacular — 

Be. — Barela, Bo. — Hulu- 
giri ■ ■ ■ ■ 


A tree 
India 


found in Western 


Constituents 


The part or parts 
of the plant which 
cause dermatitis 


Stinging hairs on the plants 


A tall tree native of Eastern 
Bengal and Cliittagong. 


Nearly all parts of the plant, 
viz. leaves, fruits and seeds 
contain the glucoside oc- 
hederin and probably 
certain other glucosides 
[Van der Haar, 1912 ; 1913; 
Block, 1888]. 

It contains acrid milky juice 
[Wehmer .1929-31!, Sup- 
plement 1935]. 


Leaves 




Milky juice 


Juice. In some persons it 
produces blisters, while 
others are immune. The 
tree is dreaded by the 
local people. 

The juice has properties 
similar to those of E 
arnottiana. 

The juice is of a powerfully 
caustic nature and blisters 
the skin. 


'I 
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Name of plant 


Bistribntion 


Constituents 


The part or parts 
of the plant which 
cause dermatitis 


4i\^ HumuUis lupnhis linn. 
English — 

Hops. 

42. Hypericum, perforatum 
Linn. 

English— 

St. John’s grass, St. 
John’s wort 
Vernacular- — 

Hi. and Pun.— ^ 

sard 


It is cultivated in the Korth- 
West Himalayas 


The active principles consti- 
tute the iupulin 


A perennial herb found in the 
Western temperate Hima- 
layas from Kumaon between 
(),b00 to 9,000 ft. to Kashmir 
between 3,000 to 0,500 ft. 
above sea level. 


The herb contains tannins and 
0.065 per cent of an essen- 
tial oil [Zellner and Porodko, 
; 1025]. 


Hcveral iiiv'estigatoi’s ha've 
reported that the julant 
ill the flowering stage, 
if eaten in largo amounts 
by livestock, loads to a 
p'hotosensitization ^ and 
consecpicnt dermatitis of 
the unpigmented por- 
tions of the skin. Animals 
having pigmented skins 
or those not exposed to 
bright sunlight do not 
develop any symptoms, 
])ut white-skinned 

horses, cattle and sheep 
develop characteristic 
symx3toms {see under 
Haqopip'um. escidentum) 
if 'exposed to sunlight. 
The toxic substance, it 
appears, acts upon the 
nerve-endings so as to 


X)hoto sensitize them and 
if the animal is sub- 


43. Liiportea crenulata Gaudich. 
English — 

Devil . nettle, Elephant 
nettle, Fever nettle 
Vernacular — 

Hi . — Utijun ; Be. — 

CJforpaita 


A stinging shrub or a small 
tree found in the tropical 
Himalayas from Sikkim 
eastward, also in Assam and 
the Khasia Hills. In the 
Madras Presidency it is 
found in the Western 
Ghats at altitudes of 1,060 
to 5,000 ft. and in Rampa 
Hills at 2,500 ft. above sea 
level. 


According to Smith [1923] 
the toxic principle is formic 
acid but the authors have 
not been able to confirm 
this by reference to oiiginal 
papers consulted by them. 


sequently exposed to 
strong sunlight, ^ it 
develops deimatitis, 

including blistering 
the skin and falling off 
of the hair. 

Stinging hairs on plant. It 
is perhaps the worst of 
all the stinging nettles 
found in India. A 
contact with the bail’s 
I produces sever© burning 
Xiain which may last for 
several days and is said 
to be greatly aggravated 
by the application of 
water. The sting is 
particularly powerful 
during the flowering 
season when it is said to 
bring on voilent sneezing, 
sleeplessness and fever, 
hence the local English 
names (Fever nettle, Devil 
nettle) by which the plant 
is known to coffee planter 
and other English resi- 
dents. Haines [1921-25 
remarks that while cut- 
ting coupe lines in 
November in the Sikkim 
Terai, where it is some- 
times gregarious, his 
coolies were attacked 
with sneezing, violent 
catarrh and ultimately 
vertigo, apparently from 
inhaling numerous minute 
hairs. 




liiia isiissiias:. 
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Distrihution 


Name of plant 


Stinging hairs on plant 


44. Laportm ierminalis Wight An erect herb found in the 

subtropical Himalayas from 
Kumaon to Mishmi at 
altitudes of 4,000 to 8,000 
ft., in the Central Pro- 
vinces at altitudes of 4,000 
to 6,000 ft., and in the 
evergreen forests of the 
Western Ghats of the 
Madras Presidency at 
altitudes of 5,000 to 7,000 
ft. It is also found in the 
Mlgiris. 


The bark (and perhaps the 
leaves also) is xiowerfully 
vesicant. The collector 
of the bark for examina- 
tion by the authors com- 
plained bitterly of a 
burning sensation in the 
eyes, nostrils and face 
during packing of the 
dried bark in bags. This 
sensation lasted, more or 
less, for three days. 


lAisiosiphon eriocephahis A shrub, sometimes 
Decne. tree, found in 

English — forests of the 

Woolly -headed gnidia Ghats of the Box 

Vernacular — Madras Pr 

Eo . — RamHha ascending to an a 


The herb contains an amor- 
|jhoiis bitter substance 
leomirin [Wehmer, 1929- 
31, Snpplermyit 1 935] . 


A herb found in temperate 
Western Himalayas from 
Kashmir to Kumaoii at 
altitudes of 6,000 to 10,000 


46. Leoniinis cardiacrt Linn. 


A herb which grows on the 
Western Ghats of South 
India, the Nilgiris, Pulney 
Hills and hills of Travancore 
at altitudes of over 5,000 


47. Lobelia excdsa Lesch. 


Milky juice. The dust from 
the powdered herb irri- 
tates the nostrils in the 
same wa^' as tobacco. 


The leaves contain two alka- 
loids one of which resembles 
lobeline from L. infiata 
Linn. [Dragendorff and 
Rosen, 1880]. 


nicoiktynfolin A herb found on the, Western 
e Ghats from Bombay to 

— Travancore at altitudes of 

tobacco 3,000 to 7,000 ft. above sea 

ular — level and is met with in 

-Nala, Narasala ; Konkan, tlie Deccan, the 

-BaMnala, Nala ; Nilgiris, Malabar, etc. 

-Boh^nal^ Bhrwala 


A woody climber found in the 
plains of Western India 


49. M'ucuna atropurpurea DC. 


See Mucunn prunia 


A woody climber found in the 
plains of Western India, 


50. Mucuna gigantea 1)0. 
English — 

Elephant cowitch 
Vernacular — 

Mai. — Kalcamlli ; 
Tam. — Kalgaimlli ; 
Tel . — Enugadulagondl 
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Thr- part or parts 
of the plant which 
cause dermatitis 


Constituents 


Distrihutiot) 


See Mucum pruriia 


5L MtLcwna hirmta Wight & An annual climber found in 

the plains of Western India 

A woody climber of the East- 
cm Himalayas and Khasia 
Bills, also met with in 
Assam, Chittagong, and 
the hills of Western India. 


See Mucuna pmrita 


52, Mucuna monospcrma DC. 
Englivsli — 

Negro beau 
Vernaoular— 

Bo.— Sonor/ravi, Moih i 
huhili 


The rigid, pointed hairs on 
the pods, if touched enters 
the skin and produce 
itching. The action ap- 
pears to be purely mecha- 
nical. 


An annual climber found in 
the Himalayas and the 
plains. 


53. Mucuna prurtia Hook. 
(M. pruHens FI. Brit. 
Ind., non DC.) 

English — 

Cowhage, Cowitch 
Vernacular — 
ffi. — Kiwarh ; Nans. — 
Atm'i(jup)ta ; Be, — 

Alkushi ; Bo. — KuhUi 


The leaves contain the gluco- Leaves 
sides neriin and oleandrin 


Barely cultivated in gardens ; 
a plant of the Mediterranean 
region. 

A herb found in the interior 
ranges of the Himalayas at 
altitudes of 9,000 to 14,000 
ft. from Sikkim to Hazara 
descending to 6,000 ft. 
in Kashmir. 


64. A^'enum oleander Linn 


Rootstocks. Podophyllia 
greatly irritates the 
eyes and the mucous 
membranes generally. 
The collectoi's of this 
drng have to bo very 
careful. 


The rootstock yields resin 
(podophyllin) and crysta- 
llised podophyllotoxin 10 
per cent and 3.5 per cent 
respectively. 


55. Podophyllum kexandrum 
Royal (Syn. P. emodi 
Wall. ei Hook /. & 
Thoms.) 

-English — 

Ducks foot, May apple 
Vernacular — 

Hi, — Pax^ra ; Kash. — 
Banwangan ; 

Pun . — BanhaJeri 


The fresh plant contains an 
acrid juice which causes 
irritation and smarting 
when brought into contact 
with the nostrils or eyes. 
The bruised leaves as 
well as the seeds will raise 
blisters if employed as 
a poultice, as in the case 
of mustard poultice. 

Leaves. The fresh plant is 
highly acrid. The bruised 
loaves when applied to 
the skin raise blisters and 
were formerly used in 
Europe by professional 
beggars to produce or 
raaintaiii blisters or open 
sores to excite sympathy. 

Leaves, bark, fruit. The 
juice is a powerful vesi- 
cant. 


The herb contains formic acid, 
acetic acid and baldrianic 
acid, much tannin and small 
amounts of an essential oil 
[Steenhauer, 1919], The 
root is said to contain 
oxvmethvl-anthraquinones 
lMaurm,‘'l926 ; 1926]. 


A herb found in wot places 
more or less throughout 
India, ascending to an 
altitude of 7,000 ft. in tlu‘ 
Himalayas. 


56. Polygonum hydropiper 
Linn. 

Englisli — 

Biting pepper, Nmart- 
M^eed 

\"ernacular — 

Be . — Pacha r-mu I 


The plant contains anemonin, 
anemon acid and an essen- 
tial oil [Wehmer, 1929-31 
Supphnieni 1935]. 


An erect, annual herb met 
with on river banks in 
Bengal and Northern India, 
in the marshes of Peshawar 
and in the warm valleys of 
the Himalayas. It ap- 
pears during the cold 
w'eather and remains until 
the break of the rains. 

A small tree found in the 
interior valleys of the 
Sikkim Himalayas at 
altitudes of 3,000 to 6,000 
ft., and in the Khasia Hills 
at 4,000 ft. 


Ranunculus sceUratus 
Linn, 

English — 

Marsh crowfoot, Water 
celery 

V'ernacular — 

Kura. — Bkim ; Pers. — 
. K < h' Jcaj 


58. Rhus insignis Hook/. 
Vt'rnacular — 

Lcp. — Serb ; Ne} 

Kagphulai 
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Tiio part o!’ partH 
<jf the plant which 
eaiLsc dermatitis 


Distribution 


Leaves, bark, fruit. The 
iuice is a vesicant. 


A small or medium-sized tree 
found in the North-Western 
Himalayas at altitudes of 
2,500 to 8,000 ft. from 
the Indus eastwards and is 
common in the inner 
ranges in moist ravines, 
etc. 


59. Hhm punjabensis J. 
Stew. ea\ Brand. 
\'ernacular — 

Pim. — Arkhiii', 

Kft I'k ei w, Tltari 


Leaves, bark, fruit. The 
juice is a vesicant. 


The leaves contain about 20 
per cent of tannin. The 
milky juice yields a lac 
similar to Japan lac with 
laccol, a toxic phenol. 
Laccol is identical with 
urshiol [Wehmer, 1929-Jl 
Supplement 1925]. 


A medium-sized tree found in 
the temx:)erate Himalayas 
from Kashmir to Sikkim 
and Bhutan at altitudes of 
3,000 to 8,000 ft. It also 
occurs in the Khasia 
mountains between 2,000 
and 6,000 ft., and in Sind. 


60. lihus Sitccedanexi Linn. 
English — 

Crab^s claw, Japan wax 
tree, Bed lac sumach 
Vernacular— 

Hi. and Be. — Kahra- 
sing I ; Bo . — Ta ha da - 
singi : Pun . — Arkhol 


Leaves, bark, fruit. The 
juice possesses vesicant 
X)ropertics. 


small tree found in the 
temperate Himalayas from 
Garhwal to Nepal, occurring 
at altitudes of 6,000 to 
7,000 ft. above sea level. 


01. Jikus waMichii Hook. / 
V ernacular — 
lSL’--AJcoria ; Nep.— 
Chosi ; Vmu'—Arkhar 
Arkol 


The i)lant contains oxalates as 
well as free oxalic acid 
[Berthelot and Andre, 1886; 
Fleury, 1889]. It contains 
acid potassium oxalate and 
some tartaric acid [Watt 
and Brayer- Brand wij k, 

1932]. Piirdie [ 1 027] found 
1.36 per cent of potassium 
binoxalate in the juice. 
Maurin [1926] reports 1.05 
per cent of oxymcthyl- 
anthra{{uinanc from tlu^. 
roots and traces of the 
same from the leaves. 


Leaves ]3rodiice dermatitis 
ill susceptible jiersons. 


A perennial herb met with in 
the Western Himalayas 
from Kashmir to Kumaon, 
at altitudes of 8,000 to 
12,000 ft. 


62. Muniex acetosa Linn. 
English— 

Dock sorrel, Sorrel 


The herb contains oxalates 
as well as free oxalic acid. 
Also contains potassium 
binoxalates [ Orlandini, 
1933]. 


A perennial herb found in 
the Eastern Himalayas in 
Sikkim at altitudes of 7,000 
to 8,000 ft. 


63. Bumex acelosella Linn. 
English — 

Field sorrel, Sheep’s sor- 
rel, Sou rack 
Vernacular — 
Bc^-^Ohukapalani ; 
Sans, — Vhutrika. 


An essential oil 


Leaves. If much liaudled 
they produce redness, 
swellings and even 
vesication of the part 
with which they come 
in contact. 


Occasionally cultivated in 
gardens 


64. liuta (jraveolans Linn,, var, 
angiistifolia Hook/. 
English — 

Common rue, Coiuitry- 
* man’s treacle, Garden 
rue 

Vernacular — 

Hi. — Pismarim, Sadab ; 
Be . — Brmulf Ispund ; 
Bo . — Satap 




'65. Sapnm> msigne Trimen, 
^"ernacular — 

Hi.— A7'//r«/'/ ; Bo. — 

Dvdia ; Piin. — BiU ja, 
f)udJ(( 


A small 01 * middle-sized tree 
found in the Sub-Hirnalayan 
tract and outer Himalayas 
from the Eavi eastwards to 
Bhutan (not in vSikkim) 
ascending to an altitude 
of 5,500 it. ; also in Assam, 
Chittagong and Orissa. In 
Western and Southern 
India it is common near the 
seacoast of Konkan and 
North Kanara, and is also 
found in the Deccan, hills 
of Kurnool, Guddapah and 
Nellore, Kambakam Hill 
in Chinglepnt, Western | 
Ghats and West coast, and | 
is usually found in rocky ! 
places up to 6,000 ft. above I 
sea level. ! 


5Elky juice Is acrid and 
acts as a. vesicant. 


66. Schitna Choisy. 

Vernacular — 

Hi . — 17/ / la V }} / , M(i hu sal 


A large evergreen tree of the Leaves 


Eastern Himalayas, from 
Nepal and Sikkim to 
Bhutan, found at altitudes 
between 2,000 and 5,000 
ft. It also occurs in 
Assam, the Khasia hills 
and Chittagong. 


[Wehmer, 1929-31, 
Ttlemeni 1935]. 


saponin j The bark, in whieb the 


liber cells api)eaT* like 
glistening- white needles . 
irritates the skin in the 
same way as eowbage 
{.Mncuua pmrita). 


67. SeM£carj)us ana card mm 

Linn./.,' 

English— ' 

Common marking nut 
tree ■ 

Vernacular—, 

Hi. ■ and, , Be.—Bhefa ; 
Bo . — Biba : 8ans.— 
Bhnll ffamii 


a/nacardimn A moderate -sized tree found 
in the Sub-Himalayan tract 
from the Beas eastwards, 

larking nut ascending in the outer hills 

up to 3,500 ft., Assam, 
Khasia Hills, Chittagong, 
^e.—Bhela ; Central India, Gnjerat, 

8ans. — Konkan, Southern Mahratta 

u Country, Kanara and in 

deciduous forests of all 
districts in the Madras 

Presidency. 


Earlier in vestigators suggested 
that the black corrosive 
Juice of the pericarp con- 
tained a tarry oil consisting 
of 90 per cent of an oxy- 
acid named anacardic acid 
and 10 per cent of a higher 
non-volatile alcohol called 
cardol. Naklu [1925] iso- 
lated catechol and a mono- 
hydroxy phenol which he 
called ‘ anacardol ’ besides 
twm phenolic acids and a 
fixed oil from tlie kernel 
of the mit. Pillay and 
Siddiqui [1931] were un- 
able to find either anacardic 
acid or cardol or catechol 
and anacardol as reported 
by previous investigatois. 
They isolated the following 
constituents from the juice 
of the pericarp: {a) A 
monohydroxyphenol which 
forms 0.1 per cent of the 
extract, (6) Ano-dihydroxy 
compound forming about 
46 per cent- of the extract ; 
and (c) A tarry, non-volatile 
corrosive residue forming 
18 per cent of the nut. 


Juice from pericarp and 
the tree-trunk. It is a 
powerful counter-irritant 
and vesicant and has been 
used by malingerers for 
producing ophthalmia 
and skin lesions, as also 
by others for imitating 
bruises in support of a 
false charge. Cases are 
known where the juice 
has been employed to 
cause injury to other 
persons. 



Juice ; properties s 
to that of S. (.utamr 


A. very large tree found in 
the * evergreen forest?? of 
TinneveUy anfl Travaiicore 
np to an altitude of 4,000 


418 . f ravcDiconcus 

Bedel. 

Vernacular — 

Mai. — Av aha raw ; 
Ta m ► — A Jia7i h d t a I ; 

Tel . — Sdlu s^‘a(joUi 


Stinging hairs on plant 


A slender climbing herb found 
in tlie Western Ghats, the 
ISIilgiris and Pulney Hills 
at an altitude of 5,000 to 
(KOUO ft. in Shola forests. 


69. Tragia bkohr Afiq 


perennial twining herb 
found throughout India 
from the Punjab and the 
outer Himalayan ranges 
esatward to Assam, and ! 
southward to Travancore. | 


rmgia hiaol'UCTaia Linn, 
(with varieties in the 
Plora of Brit. I nd. wliich 
are now treated as 
distinct species, viz. T. 
Jiispida Willd., T. muAlan 
ana Pax and Hoffm., T. 
mnnabhia Linn. /. and 
T, Montana (Thw.) Mueil- 
Arg. 

Vernacular — 

ha'titcL ,* Be.— 
Bichuii : Bo-— Kanch- 
Jcuri ; vSans. — VriMd 


An erect herb found in the 
North-West Himalayas 
from Kashmir and the Salt 
Range to Simla at altitudes 
of 8,000 to 10,700 ft. and 
in Western Tibet at alti- 
tudes of 8,000 to 12,000 ft. 


Urtica dioica Linn, 

English — . 

Common nettle, Sting- 
ing nettle 
Vernacular — 

Hi. and Pun.— 
Bkh'ua 


Stinging hairs on plant 


A low, densely tufted under- 
shrub found in Western 
Tibet at altitudes of 12,000 
to 17,500 ft. and in Eastern 
Tibet between altitudes of 
16,000 to 17,000 ft. 

A slender herb found in the 
temperate Himalayas from 
Kashmir to Mishmi between 
altitudes of 5,000 to 12,000 
ft. The Bora of British 
India also records it from 
Ootacamund in the Nil- 
giris. 

A common European stinging 
weed occujTing occasionally 
near Simla and elsewhere 
‘ near habitations in the hills. 


72. XJrtica hjperhorm Jacq. 
Vernacular — 

ljx&d,—DzaUutt, 

Siohpol sjd)K>a , Zat a d 


Stinging liairs on plant 


'3. Urtica parvijiora Roxb. 
Vernacular — 

Kum . — Berai n, Bi ehh a. 

Ahish<)7ia 


The seeds contain a fatty oil Stinging hairs on plant 
and a glucoside [Wehmer 
1929*31, SnppUnimt 1935j. 


XJrtica pihiUfera Linn. 
English — 

Roman nettle 


^LANTS LIABLK TO PBODUCE DEBBA'l 1 US 


Name of plant 



Constituents 


Wallichia flMicha T. 

Anders. 

Vernacular — 

,{^e ]>, — Kotong 

Xanlhintit. strum 
Linn. 

Knadish — 

ii 11 i’-\ve ed , Co eklebnr 
V(‘riiaeidar — 

— Chhota-gohru ; 

Be, — Bon-okrri; 

Sans.— ^4 m to , 


A handsome palm of the out er 
hills of Sikkim 


A herb tliroughoiit the hotter 
jiarts of India, iisnallj^ near 
habitations, ascending in 
tile lAAsteni Himalayas to 
an altitude of 6,000 ft. 
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ORIGINAL ARTICLES 

NOMENCLATURE OF* OLEIFEROUS BRASSIGAS CULTIVATED 

IN THE PUNJAB* 
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The oleiferous brassioas cultivated in the Punjab, 
or in India, are divided into three groups, locally 
known as rai (mustard), sarson (colza) and tom 
(rape). In the Punjab, or for that matter in 
different provinces or tracts of India, the various 
forms of these three crops have definite loca,l names 
which are readily understood in the provinces or 
tracts of their origin but are unintelligible to people 
of alien areas. Therefore when it is desired to 
make tie identity of a particular plant known or 
understood over a wide area, it is a general rule to 
apply the scientific name to it. In some cases, 
however, the scientific nomenclature is highly 
confusing and it is not easy to decide as to what 
particular scientific name should be used for a 
. certain plant. This confusion is partly due to 
^ the same plant having been given different scienti- 
fic names by different workers ignorant of each 
other’s labours, but as pointed out by Bailey [1922J 
the following causes, among others, appear to be 
mainly responsible for the chaotic nomenclature 
of brassicas : 

(а) Inclusion of too many forms in one species, 
thereby weakening the definitions. 

(б) Attempts . to identify oriental cultivated 
brassicas with species known in Europe. 

(c) Mixing of seeds. i,.- j. 3 

Bailey’s paper deals mainly with the cultivated 
brassicas of China and Japan. Although he grew 
some of the Indian brassioas, he has not given a,ny 
account of these as he agrees with the classification 

given by Prain [1898]. , j -i, j 

Prain, in his classic monpgraph, has described 
the confusion prevalent in his time with regard to 
the use of local and scientific names, and has 
straightened out the nomenelatorial tangle to a 
great extent. It has, however, been felt by later 
L workers that the position in respect of at least two 
*^^of the cultivated Indian brassicas, viz. mrson and 
toria, has not been sufficiently clarified. 

The chief obj ect of the present paper is to dispe 1 
; the existing confusion and, in the light oi the 
I latest knowledge, to decide as to what sciptific 
! names should be applied to the brassicas cultivated 

j .part I (To a modified form) of a thesis approved for the 
j Degree of llaster of Science of the University of London. 


in 1^6 Punjab. And sinc6 tlic brassicas grown in 
this Province are also cultivated, to a greater or 
less extent, all over India, the decisions arrived at 
will naturally be applicable to tbe brassicas 
cultivated throughout India. It is not proposed to 
make, in this contribution, any definite statements 
with regard to the affinities or relationships of the 
plants under consideration. 

Oleiferous brassicas cultivated in the 
Punjab 

As already stated, the oleiferous brassicas 
cultivated in tbe Punjab are divided into three 
main groups — rai, sarson and toria. There are 
several characteristics peculiar to each group, but 
they can easily be distinguished from each other 
on the basis of leaf characters. ^ 

In mi, the leaves do not clasp the stem, wniie 
in sarson and toria, with the exception of the 
lowermost two or three, they are ampiexicauL In 
sarson the leaves, at least the lower ones are 
always more or less hispid, and so also is the iO’?ser 
part of the stem, while in toria both stem and 

leaves are glabrous. j p 

Three forms of rai, two of sarson and one oi 
toria are recognized in the Punjab. Toria is some- 
times sub-divided into two kinds (a) ta 1 and late 
and (6) dwarf and early, but as will be shown later 
these differences are purely due to soil and climatic 
conditions and have no taxonomic status, ihere- 
fore from the standpoint of a systematic botanist 
there is only one form of 

. Method of study 

Three forms of rai, two of sarson and one of 
toria were for some years grown at the Oilseed 
Breeding Farm, Lyallpur, and later for a season in 
the Experimental Area of Professor R. Buggies 
Gates, F'.R.S., in the Regent’s Park, London. The 
plants belonging to different forms of these^ three 
crops were studied from germination till maturlt}^ 
Specimens were taken at different stages of growth, 
were later compared, for the purpose of 
identification, with the specimens stocked in the 
Roval Herbarium, Kew, where opportunity was 
also taken of discussing, with the taxonomists 
dealing with Indian plants, the best plan for 
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satisfactorily solving the nomenclatorial tangle of 
Indian brassicas. It may be noted that irv the 

■ present contribution only those ^ characters have 
been taken into consideration which, through long 
observation and study under radically different 

■ environmental conditions, have been found to bo 
constant and non- variable and thus to be oi 
taxonomic value. 

Identification of oleiferotjs brassicas culti- 
vated IN THE Punjab 

1, Bai (mustard) i • -u 

The three forms of rai cultivated in the runjau 
are loeaUj known as (a) raya, (&) m and {c) poorbi 

^^\a) Raya. This is the plant which Roxburgh 
ri8321 described aa Sim]ns . ramcs^ and whim 
Hooker and Thompson [1861] deseritfd as 
■juncea. It has been described bv Pram on page 47 
of hLs monograph as Brassica juncga subsp. juncea, 

v&i. oleifera. . 

Prain thinks that this plant found its' way into . 
India from China through a north-eastern route 
and that its immigration to India has been 
independent of any Aryan incmsion. 'Sitiskaia 
[1928] has confirmed this view and ha,s shown that 
the native country of B. juncea is Asia, the centre 
of diversity of forms being China. B.^juiwea is 
cultivated in Afghanistan as well and, after a 
comparative botanical study of various .Afghanistan 
musterds, Vavilov and Bukinich [1929] have 
concluded that B. juncea has found its way mto 
Afghanistan from India. All the above opinions 
point to the conclusion that- B. juncea was origi- 
. nally introduced from China into north-eastern 
India whence it has gradually extended to 

Afghanistan, most probably via Punjab. _ 

(6) Rai. This is Brassica tomnefortn Q^an., 
which is the same thing as Brassica slookm I'Ci- ® 
T. Specimens of this plant were _ collected by 
Thompson from cultivated fields in 1843 near 
Ludhiana and in 1846 near Dhararakot (Ferozepur 
district). He also collected a solitary specimen 
near Jhang. Later in 1922, ^ 3.B, Drummond 
sent another specimen from Sirsa (Hissar district). 
All these specimens are stocked la the Royal 
Herbarium, Kew. It may be noted that all the 
above-mentioned places of collection are situated 

in the Punjab. , . 

Plain has not given any detailed account ot 
this plant in his monograph, as it was not found y 
Tiim to occur in the then constituted province qi 
Bengal— the area now covered by the 
of Bengal, Bihar and Orissa. Sabms and Phatak 
[19351 also have made no mention of this plant m 
their classification of cultivated Indiau mustards 
presumably because.this mustard is not grown in 


the area covered by their studies. The informa- 
tion to hand shows that this plant has not been 
known to extend eastwards beyond Delhi and 
Ajmer. It has, however, been reported to be under 
cultivation in weste^’n Tibet and to extend west- 
wards to Italy and Spain. In the Punjab itself 
this form is commonly grown on the borders of 
fields in the central districts, which may be regarded 
as centres of ancient agriculture. It, therefore, 
seems highly probable that it has been under 
cultivation in the Punjab for a very long time, 
perhaps much longer than the other two forms of 
rai. It appears to have been introduced into the 

Punjab through a north-western route. 

Nothing definite is known' about its origm but 

it is beli6ved by Prain to bave originated in tne 
Oriental or Mediterranean areas. Tbe recent iDten- 
sive studies carried out by tbe Pussian scliool of 
workers on ^ome oleiferous plants bave sbown that 
cultivated mustards and colzas bave oiiginated 
from weeds, perhaps independently in different 
remons- It appears likely tbat tbis form, like 
Eruca sativa Lam., has two independent centres of 
origin, Asiatic and Mediterranean. 

(c) Poorbi rai. This iplmt Brassica nigra 
Koch: It resembles in many respects tbe forms 
belonmng to the geographical Eastern group or®| 
Sinskaia. and in a greater degree the form 
described by her as B. nigra var. orteniahs winch 
is cultivated in Atia Minor. , ^ 

With the present state of our knowledge it is 
not possible to venture any opinion about the 
introduction of this form into India. In the 
Punjab its cultivation is mainly confined to some 
parts of south-eastern districts, where it 
have been introduced from districts situated farther 

m Brassica alba. It is,, at present, ■ practically 
unknown in the Punjab. During the year 1926 -27 
an extensive and comprehensiye collection ot seed- 
samples of mustards was made from all the 
Puniab, but none of these samples was found to 
be’ that of B. alba. Prior to 1927, however, this 
form used to be grown in the Botanical Experi- 
meuml Area, Lyallpur, its seed having been 
orimnally obtained from outside the province. 
Hooker and others [1872] mention that Thompson 
came across cultivated fields of B. alba at Ferozepur 
in the Punjab. If this information is correct, the 
cultivation of B. alia must have ceased since, as 
now it is not grown at all in the Punjab. 

2. Sarson (colza) and toria (rape) 

Two forms of sarson, locally known as (a) piU 
(yellow-seeded) and (6) kali (brown-seeded) sarson, 
are cultivated in the Punjab. There exists a great 
dAal of confusion about the naming ot these torms 
and workers on these crops have, therefore, otten 
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employed a diversity of botanical names while 
referring to these plants. ..So far as toftd is con- 
cerned the present-day workers generally apply to 
this 'plant the name Brassiaa napiis L., var. 
diekotoma Prain, but, as will be shown later, phe 
mse of this iia'Die is not valid,. As resembles 
, the .brown-seeded ionn olsarsm rather closely in 
morphological and some physiological characters, 
it, is proposed. to discuss it along with the two 
■forms of 'Mr, son. .■ , j"- 

The yellow-seeded form of s(itso% cultivated in 
.the, Ptmjab has two-chambered, ^ erect pods. In 
Moras of India, however, forms with three-valved, 
nodding fruits, and with four-valved, erect fruits 
have also been described. This multirvalved 
character of the fruit has been given specific rank 
by some workers. Prain in his monograph has 
discassecl in detail the taxonomic value of this 
character, and the author has also seen specimens 
in the Royal Herbarium, Kew, and in the extra- 
provincial collection of yellow-seeded sarson at 
Lyalipur, where two- and four-valved pods occur 
on the same plant. He, therefore, agrees with 
Prain that, other things being equal, these differ- 
ences are not more than racial, Prain s collection 
also included a two-valved, nodding-fruited form, 
which had not been mentioned by any previous 

worker. ' . , 

It has already been stated that the taxonomists 
disagree widely in the systematic treatment or 
these brassioas. The following is a brief account 
of the names applied by different taxonomists to 
ydlow-seeded and brown-seeded forms of sarson, 

and to toria. , , 

Roxburgh treated the two-valved, erect-truitea 
form of yellow-seeded sarson as one species {Sinapis 
glauca) and the nodding-fruited, three-valved form 
as another [S, trilocularis). He named tona as 

S, dichotoma. ^ . 

Hooker aitd Thompson lumped the two-vaived, 
erect-fruited form of yellow-seeded sarson (S. glauca 
of Roxburgh) and toria (Roxburgh’s S. dichotoma) 
into one group and referred to it as Brassica 
campestris. Later, Hooker and others term^ it 
as Brassica campestris subsp. napus. They 
considered the 3-4-valved, nodding-fruited form as 
one species [Brassica trilocularis) and the 4-yalved, 
erect-fruited form as another (B. quadTivalvis), 
Duthie and Fuller [1882] regarded the two- 
valved, erect-fruited form of yellow-seeded sarson 
as B. campestris subsp. napus, var. glauca ; the 
3-4-valved, nodding-fruited form as var. trilocuimis, 
and tbe four-valved, erect-fruited form as var. 
guadrivalvis. They also regarded brown-seeded 
sarsm and toria as varieties of B. campestris 
subsp. napus and christened them var. dichotoma 
and var. toria, respectively. Their var. dichotoma, 


so these workers say, is the S. dichotoma oi Bx>^- 
burgh. Actually, however, Roxburgh’s 8.M<iho^ 
toma is not precisely the equivalent of Duthie a,na 
Fuller’s var. dictonw, as Roxburgh’s description 
applies to toria which has glabrous leaves, and 
Duthie and Fuller’s to brown-se'eded sarsm 
which has hispid leaves. In fact, Roxburgh does 
not seem to have described the brown-seeded form 
of sarson at all. Duthie and Fuller in this case 
seem to have placed too much reliance on the 
judgment of Royle [1839], who quoted the name 
of S. dichotoma Roxb. for kali (brown-seeded) 
sarson. Royle’s quotation of synonyms and his 
judgment, however, are faulty as he names tona 
as S. glauca Roxb., which latter appellation is 
applicable only to a form of yellow-seeded sarson. 
Furthermore, Duthie and Fuller’s description of 
var. dichotoma does not refer to the taller und 
later kind of toria as Prain supposes. It without 
doubt refers to brown-seeded form of sarson which 
has hispid leaves. No doubt two kinds of tona 
are sometimes recognized, but none of them evet 
has hispid leaves. In the Punjab a kind of tona 
known as sathri is cultivated in some parts ot the 
Multan district. This kind differs from ordinary 
toria in being shorter in stature and earlier in 
maturity and also in having slightly smaller leaves. 
The author has had the opportunity of growing 
and studying this form at Lyalipur, where taller 
and later kind o'f toria is exclusively grown, and 
also of growing and studying the latter kind at 
Multan. It was found that at both these places 
the newly introduced sorts (grown in sequestered 
places to prevent cross-pollination with other sorts) 
soon lost their identity and attained a close con- 
formity with the native sort, showing thereby that 
the differences in size and maturity were due to 
climatic and/or soil conditions. Duthie and 
Fuller’s description of var. tor la, of course, fits in 
better with the dwarf and earlier kind, but, ns is 
clear from the case cited above, dimensional propor- 
tions alone are of no taxonomic value in this case. 

Watt [1830] mainly adopted the nomenclature 
proposed by Duthie and Fuller, but suggested that 
brown-seeded MrMn, on account of having hispid 
leaves, should be placed in subsp. campestris, and 
that on account of having glabrous leaves, 

should be viewed as belonging to siiUp, napus. 
He, however, erroneously regarded Duthie and 
Fuller’s vars. trilocularis and guadrivalvis as 
abnormal forms of Roxburgh’s S. dichotoma. 

Prain combined the forms of yellow-seeded 
having (a)2-valved, erect fruits, (&) 2-valved, 
nodding fruits, (c) 3-4-valved, nodding fruits, and 
(rf) 4-valved, erect fruits, with the brown-seeded 
into one comprehensive group which he 
called campestris var. sarson. 
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Ie the systematic synopsis in Ms monograph he 
treated toria aa Brassica cam'pestris' Buhs^. nafun 
var. oleifera, but adopted the term dichotoma on 
account of its priority. Further, because of 
marked differences in the time of growth, mode of 
cultivation, etc., of sarson .and toria he considered 
it expedient to regard toria (subsp. nafus) q>b a 
distinct species. The upshot of all these considera- 
tions was that he finally named toria as Brassica 
najpus var. dichotoma. 

Later, Dnthie [1903] abandoned the nomenclature 
he had previously proposed in collaboration with - 
Fuller and adopted the names suggested by Prain. 
But he applied the name B. campestris L., var. 
sarson Prain, to the yellow-seeded sarson only, 
and B. napus L., var. dichotoma Prain, to both 
brown-seeded sarson and toria. This use of a 
single appellation for both brown-seeded sarson 
and toria by Diithie was probably the outcome of 
the erroneous statement made by Prain (already 
mentioned) that var. dichotoma of Duthie and 
Fuller (which actually referred to brown-seeded 
sarson) was the. taller and later kind of toria. 
Once again, Duthie seems , to have been misled by 
the wrong quotation of synonymy. , 

That Prain's B. campestris var. sarson refers to 
both yellow- and brown-seeded forms of sarson is 
clear from the fact that Prain described the seed 
colour as 'dingy white, yellow dr brown’. He 
further described sarson as a hajry-leaved, and 
toria as a glabrous-leaved, sort. Furthermore, he 
stated that sarson is cultivated mixed with other 
crops, and that toria is always grown alone. All 
these statements point definitely to the conclusion 
that he included both the yellow- and brown^ 
seeded forms in the epithet B. campestris var. 
sarson. This has also been the opinion of most 
workers in India. For example, thp specimens of 
both yellow-seeded and brown-seeded sarson sent 
by the Imperial Economic Botanist, Pusa, to the 
Eoyal Herbarium, Kew, were labelled B. campestris 
var. sarson, Prain. Mohammad, Singh and Alam 
[ 1931 ] and several other workers have also applied 
the name B. campestris var. sarson Prain, to both 
these forms of sawn. . 

For the sake of quick comprehension different 
systematic names that have been applied to 
yellow-seeded sa/rson, brown-seeded sarson and 
toria by various taxonomists are given m 
Table! 

Difebrencbs between yellow-seeded sarson, 
BROWN-SEEDED SARSON AND TORIA 

For facility of presentation differences between 
yellow-seeded sarson and brown-seeded sarson have 
Been first enumerated and set out in Table II, and 
then the differences between brown-seeded sarson 


md toria have been recounted and - given in 
Table III.;' 

■"•'Table:'!,: 

Some of the systematic names that have been applied 
to yellow-'Seeded sarson, brown-seeded shisoB, and 
■ toria ■ ■ 


Authority 

Roxburgh 

Hooker and 
Thompson 


Duthie and 
Fuller 


■ Yellow-seeded Brown-seeded 


Sinapia glauca S.diehotcma f 
8. trilocularis 

Brassica campestris B. campestris B. campestris 


B. trilocularis 
B. qmidrivatvis 
B. campestris, sub- . 
Bp. na^s I 

B. trilorularu 
B. quadrivalvis 

B. campestris, sub- . 
sp. napus, var. i 
^auca 

B. campestris, sub- 
sp. napus, v&T. tri- 
locularis « 

B. campestris, sub- 
sp. napus, var. qua- 
drivalvis | 

j 0. campestris, sub- 
sp. ,napus, var. 

I glauca 

Regards vars. tri- 
locularis and gua- 
drivalvis as abnor- 
mal forms of Rox- 
burgh’s 8. dicho’" 
toma 

B. campestris, var. 
sarson 

B. campestris, var. 
sarson 


\B. campestris, B. campestris, 
isubsp. napus subsp. napus 


B. campestris, B. campestris, 
jsubsp. subsp, napus, 

var. dicho- var. toria 


B. campestris, B. campestris, 
subsp. cam- subsp. napus, 
pestris, tar. var. toria 
dichotoma 


B. campestris, B. mpus, var. 
. var. sarson dichotoma 
B. napus, var. B. napus, var. 
dichotoma dichotoma 


Discussion and oonclustons 
The extrorae or introrae natiire of anthera aeema 
to have eacaped the notice of all taxonomiata and 
early workera dealing with sarson and ioria planta.^ 
It waa in 1931, that Mohammad, Singh and Alam 
[1931] -firat noted thia oharacteriatio difFerenoa. 

Prain, while lumping both yellow- and brown- 
seeded forms of sarson in one comprehensive species, 
did not attach any value to the colour of seeds, 
most probably due to the fact that his work 
related to Bengal where yeUow-seeded form is 
almost exclusively grown and he, therefore, did ^lot 
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Table II 

Differences between yellow-seeded and brown-seeded 
forms of mrson - 


yellow-seeded sarson 


Brown-seeded sarson 


1. Lowermost 1 - 2 leaves 

Lamina prominent np to the j Lamina practically absent 
very base of the leaf. 1 in the basal half. 


2. Colour and texture of leaves 


Dark glaucous, fleshy. 


Pale glaucous, thin. 


3. Branching 


Branches erect, ascending. 
Straggling plants absent. 
The angle at which the pri- 
mary branches arise varies 
from 10^ to 20°. 


' Rather erect to spreading. 
Straggling plants occasion- 
ally present. The angle at 
which primary branches arise 
varies from 23° to 43°. 


Diameter from 14 x 15 mm. 
to 17 X 16 mm. Average 
length of claw plus blade 
10*2 mm., length of claw 
3 ‘2 mm., and width of blade 
5*1 mm. Petals narrow, with 


Diameter from 15 x 15 mm. 
to 20x19 mm. Average 
length of claw plus blade 
11*4 mm., length of claw 
3*6 mm., and width of blade 
7-1 mm. Petals broad, 


spaces between the adjacent generally overlapping. 


Anthers 


In the bud as well as in the 
open flower the six anthers 
introrse. 


In the bud all six anthers 
introrse, but in an open 
flower the anthers of four 
median stamens extrorse, of 
two lateral stamens introrse. 


6. Pods 


Thick and broad, never I Thin and narrow, sometimes 
torulose. I torulose. 


7. Seeds 

Dingy white, or yellow ; non* I Dark brown, brown, or 
mucilaginous. 1 reddish brown ; mucilaginous. 


Self-fertile. 


8. Fertility 

I Highly self-sterile. 


] ^ 9- Maturity 

I • At least a week later in 1 At least a week earlier in 
I flowering and maturity. i flowering and maturity. 


1 

I 10. Localities of cultivation 



Grown only in parts of Grown almost all over the 

Rawalpindi and Kangra Province. ^ 

districts of the Punjab. 


Table III 

Differences between brown-seeded sarson arhd toria 

Brown-seeded Toria 


1. Leaves and stem 

At least the lower leaves 
more or less hairy, and so 
also the lower part of the 
stem ; leaves thin. 

2. Seeds 

Mucilaginous ; generally 
there is a preponderance of 
darker coloured seeds in a 
sample. 

3. Maturity 

When sown at the same time [ When sown at the same 
as toria:, at least a fortnight time as brown-seeded sarson, 
later in flowering and at 'least a fortnight earlier 
maturity. In the Punjab it in flowering and maturity. 
isam6i (spring) crop, being In the Punjab Jt is a zaid 
sown in October-November kJmrif (autumn) crop, being 
and harvested in March-April. sown in September and 
harvested in December- 
January. 

4. Cultivation and uses 

Grown almost all over the Always grown alone, almost 
Province mixed with other entirely on irrigated areas, 
crops, mostly on (rain- Exclusively grown for the 

fed) areas. In addition to extraction of oil from its 
the extraction of oil from its seeds. Plants are not relish- 
seeds, used as fodder and ed as vegetable, and oil is 
vegetable. Oil is preferred used for culinary purposes 
for culinary pui*poaes. only if sarson oil is not 

available. 



have an opportunity of studying thoroughly the 
brown-seeded form of sarson. No doubt he found 
some brown seeds in the samples of yeilow-see'ded 
sarson collected by him, but he erroneously con- 
cluded that since both sorts of seeds occurred in 
the same sample, the seed colour was of no taxo- 
nomic value. As pointed out by Bailey [1922], 
there is a need for great caution in formulating an 
opinion from the examination of seed-packets 
alone. The seeds obtained from market or from 
some other dubious source, in most cases, contain 
a mixture of more than one seed forms, and this 
mixing of seeds has been greatly responsible for 
the confusion prevalent in the nomenclature of 
cultivated brassicas. Brain’s conclusion that seed 
colour is of no great import in the classification of 
brassicas is probably the outcome of this mixing 
of seeds. Duthie and Fuller also seem to have 
been misled by the same cause because while 



Kon-mucilaginous ; generally 
lighter coloured seeds pre- 
dominate. 


Leaves and stem glabrous; 
leaves somewhat fleshy. 


r 
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describing the yeliow-seeded sarson tbey’ mention 
tlie colour of vseeds to be ^ yellow, dark brown, 
or reddish brown To the same eauSe may be 
traced the erroneous conclusion that the forms of 
cultivated brassicas at times pass into one another. 
From his long experience of breeding work on 
yellow-seeded and brown-seeded forms of sarson, 
Ihe author is convinced that if care is taken to 
avoid accidental mixing of seeds, the progeny of 
yellow or brown seeds is always ^ true to type . 
Studies carried out by some workers [Mohammad, 
Sikka and Aziz, 1942] have also shown that yellow 
and brown colours of seeds in the case of sarson 
are heritable characters. There is no doubt that 
on account of the prevalence of imfayo arable 
weather conditions during maturity, or during post- 
harvest period when the crop is still lying in the 
field awaiting threshing, or through long storage 
the colour of seeds undergoes some change, but 
this change is not so .radical as to lead to a confusion 
of identities and to give rise to the possibility of 
yellow seeds being mistaken for brown seeds. 
Therefore, there is ample evidence to believe that 
colour of seeds (yellow or brown) is, in the case of 
sarson, a good taxonomic character. 

The confusion prevalent as regards the nomen- 
clature of yellow-seeded sarson, brown-seeded 
sarson and toria has already been described in some 
detail in the preceding pages. From the differences 
enumerated in Tables tl and III, it will be seen 
that the yellow-seeded differs markedly 

from the brown-seeded sarsoyi, or for the matter 

of that from iom, in morphological, physiological 

and ecological characteristics. Furthermore, the 
idea that intermediate forms sometimes exist is 
not supported by any authentic and unassailable 
evidence. Therefore, the yellow-seeded sarson 
deserves a specific rank and should be singled out 
as a separate species instead of being lumped with 
brown-seeded sarson. Sinskaia has also expressed 
the same opinion. _ 

The differences between the brown-seeded 
and toria, on the other hand, are not so great as to 
entitle them to be classed as different species, and 
both of these should, therefore, be treated as 
belonging to a single species. The next point to 
decide is as to whether these should be placed in 
species B. 7 iapus or B. campestris.' Linnc [1763] 
distinguished B. napas and B. canipc-stris on the 
character of the root — ‘ fusiformi ’ for 7iapus, and 
‘ tenui * for campestris. Later workers, howev'er, 
have realized that this delimitation of the two 
species is not enough and has been a cause* of 
■great confusion. Sinskaia, after a detailed study, 
has given a list of characters on which the delimita- 
tion of the species B. 7iapus and B. campestrls 
should be based, A few of these characters, 
germane to the points at issue, are given in Table I V» 


, Table I¥ ’ 

GJiaractcfs of the speeies B. napus cjwd B, campestris 
B.napus B.cwnpestris 

Fertility 

Self-fertile | Highly self-sterile - 

Chromosome number 
1 2?i=20 


Strongly pubescent forms 
absent 


Pubsceiice 

ms I Strongly pubescent forms 
I present 


Crossability with B. glauca Wittm.”' (yellow-seeded sarson) 
Does not cross | Crosses readily 

Geographical conditions 

Concentrated almost exclu- i Widely spread in Asia 
sively in Europe 1 

Nagaharu and Nagamatsu [1932] tested the 
fertility of varieties of B. napus and B. campestris, 
and confirmed that the former is self-fertile, while 
the latter is mainly self-sterile. 

Both brown-seeded sarson and toria are highly 
self-sterile, have chromosome number 2n--20, and 
cross readily with yellow-seeded sarson. They 
both should, therefore, be treated as belonging to 
the species Brassica campestris. ,■ 

The yellow-seeded sarson is- self-fertile and has 
chromosome number 2/^=20, so that it partakes 
of some characteristics of both B. napus^ and 
B campestris and, therefore, is in a class by itself. 
This is an additional reason for separating it as a 
distinct species. . 

Nomenclature. Having decided to regard the 
yellow-seeded sarson a,s a separate species and to 
treat brown-seeded sa7'S07i and toria as belonging 
to the species B. campestris , the next question is 
to decide as to what name should be applied to 
each of them. 

Sinskaia has used the name Brassica glauca 
Wittm. for yellow-seeded sarson on the authority 
of Dr Wittmack, but she has made no reference to 
any publication wherein Dr Wittmack first applied 
this name to this form of sarson. Brain, while 
quoting, in his monograph, the synonym B. 
glauca Wittm. cited the Keio Report by^ Hooker 
[1877] as the source of his information, in 
this Report, however, the only statement that 
has been made by Hooker in this connexion 
is to the effect that .Dr Wittmack has identified 
the seed of Ouzerat Rape as the seed of S. glauca 
Roxl)., and it Ls nowhere stated by Hooker that 
Dr Wittmack has applied the name B. glauca to 

*As will be shown later the use oi name B. glauca Wittm. 
for yellow-seeded sai^sou is not correct. 
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the yellow-seeded In the Index Kewensis 

also there is raeiitiom of the name B, glaum 
as having been used by Dr Wittmack in connexion 
with some plant. The name B, glauca, as stated 
by Durand and Jackson [1906] in Index Kewensis^ 
was first applied by Kuntee [1891] to a plant 
found in the Canary Islands. Evidently, there- 
fore, Prain was mistaken in assuming that the 
name B, glauca was applied by Dr Wittmack to 
the yellow-seeded sarson^ as the evidence available 
does not justify such an assumption. Sinskaia 
probably used this name on the authority of Praia. 
Since the name B, glauca has already been used 
by Kuntze for another plant, the application of 
this name to the yellow-seeded sarson is not at 
all valid. In order to decide as to what name 
should be applied to this form of sarson recourse 
must be had to the list of names given im Table I, 
and out of the several names listed there for this 
sarson, one having priority of application should be 
selected. It will be seen that Eoxburgh was the 
first taxonomist to apply the name i?. trilooularis 
to the form of yellow-seeded sarson having 3-celled 
pods. Later, Hooker and Thompson called the 
same form Brassioa trilocularis. No doubt in both 
these oases this form was treated as a distinct 
species, and the later work has shown it to be only 
a race. But the fact remains that the appellation 
trilocularis has been used specifically to designate 
yellow-seeded sarson in some way, and therefore 
it must be adopted on account of its priority. 
Since the old generic distinction into Binapis Biad 
Brassica has been given up on account of its 
artifieiality and the practice now is to lump the 
two old genera into one, under the name Brassica, 
hence Brassica trilocularis H. f. k T. is the name 
that should be applied to the yellow-seeded sarson. 
It should, howf^ver, be considered to include all 
kinds whether they have 2-, 3-, or 4-valved and 
erect dr nodding pods. It is realized that the use 
of the word trilocularis is not quite appropriate 
and is misleading to a certain extent but it has to 
be retained on account of its priority. In fact 
International Rules of Botanical Nomenclature 
[Briquet, 1935] outlaw the use of any other name 
but this for the yellow-seeded sarson. As pointed 
out by Higgins [1937] the only way to clear up 
the tangle of nomenclature is to follow these rules, 
faithfully, and if some of the names which have 
been in use for a long time and have thus become 
familiar are found to be wrong according to these 
rules the only course to help towards a happier 
future and to bring order out of chaos is to accept 
the change with a good grace. 

With regard to the brown-seeded sarson and 
toria, it has already been shown that they should 
be treated as belonging' to the species Brassica 
campestris. With the present state of our know- 


ledge it is not yet possible to appraise fully the 
taxonomic value of the differences in the cultiva- 
tion of crops. Sinskaia has suggested the term 
‘ cultivated ecotypes ■ for the forms differing in 
their mode of cultivation. An ecotype, from her 
point of view, is equivalent to a / variety h The 
present-day tendeucy, [Stout, 1910], however, is’ 
to assign to a group a rank commensurate with 
the differences it exhibits from other allied groups. 
Applying this basis and taking into consideration 
all the differences mentioned in Table III, it 
appears best to treat the brown-seeded sarson and 
toria as belonging to different subspecies of a 
single species. Watt suggested that the brown- 
seeded sarson should be regarded as subspecies 
campestris, and toria as subspecies napus of B. 
campestris. This suggestion of his fully meets the 
requirements of the point under consideration and 
should, therefore, be accepted. Hence the brown- 
seeded sarson should be christened as Brassica 
campestris L., subsp. campestris, var. dichotonia 
Watt., and toria as Brassica campestris L., subsp. 
napus, vsiT. toria D. & E. Since the latter name 
was first proposed by Duthie and Fuller, it has 
been retained on their authority. Diagnostic 
characters, brought up-to-date, of yellow-seeded 
sarson, brown-seeded sarson and toria are given 
in Appendix I, 

In conclusion it may be pointed out that in 
view of the recent work on the delimitation of 
B. campestris and B. napus and in view of the edicts 
of the International Rules of Botanical Nomencla- 
ture, Brain’s nomenclature B. campestris var. sarson 
for both the yellow-seeded and the brown-seeded 
forms of sarson, Sind B. napus rsn:. dichotoma for 
should be abandoned. 

As regards the introduction of these forms into 
the Punjab, it may be noted, that recent and 
exhaustive studies carried out by the Eussian 
workers have shown that eastern Afghanistan 
together with the adjoining north-western India is 
one of the independent centres of origin of B. 
campestris. From the fact that both the brown- 
seeded sarson and toria resemble rather closely one 
or other of the groups of Afghanistan B. campestris 
isolated by Sinskaia, and from the availability of 
Persian syndnyms for these crops, it is pretty 
certain that .both brown-seeded sarson and toria 
have been introduced from the north-west into 
the Punjab, wherefrom they have extended east- 
wards into India. 

The yellow-seeded sarson, on the other hand, 
is more commonly grown in the eastern provinces 
of India, where it exhibits a diversity of form. It 
is highly probable that further work might reveal 
its centre of origin in north-eastern India or in 
China. In the Punjab, however, it appears to 
have been introduced from the east. 
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■ ' Summary- 

1. The three oleiferous brassicas cultivated in 

the Punjab are locally known as mi, and 

toria. ■ , 

2. Three forms of mi are cultivated in the 
Punjab and bear the local names {<i) raya, {h) rai 
and {c) foorhi rai. These have been identified as 
(u) Brasdca juncea H. f. & T,, (6) Brassioa 
tourmfortii Gouan., and (c) Brassioa nigra Koch., 
respectively. 

3. The appalling confusion prevalent about the 
nomenclature of two forms oisarson, viz. (a) yellow- 
seeded and (6) brown-seeded, and of toria has 
been described, and the validity of scientific names 
proposed for these plants by various taxonomists 
has been discussed. 

Differences between these plants have been 
enumerated and it has been shown that the yellow- 
seeded sarson should be classed as a distinct 
species, and that it is hot valid to apply to it 
any other name than Brassica triloeularis H. f. 
& T. The brown-seeded sarson and toria, on the 
other hand, should be regarded as subspecies of 
B. campestris and the names Brassica campestris 
L., subsp. campestris, Y8LT. dichotoma Watt., and 
Brassica campestris L., subsp. napus, var. toria, 
D. & F., should be applied, respectively, to 
these plants. 

It has been suggested that Pram’s nomenclature 
for the two forms of SGf son and for tona, which 
has gained general acceptaince, should be aban- 
doned as it (besides being out of tune with the 
latest taxonomic knowledge}’ runs counter to the 
procedure suggested in the International Rules of 
Botanical Nomenclature. * 

4. Brassica juncea B. f . & T., Brassica nigra 
Koch . , and Brassica triloeularis H. f . & T . appear 
to have been introduced into the Punjab through 
an eastern route ; while Brassica tour nefortii Gouan., 
Brassica campestris L. , var. dichotoma Watt., and 
Brassioa campestris L., vai toria D, & F. are 
immigrants from the north-west. 
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Appendix I 

Diagnostic chakactbrs of the yellow-seeded sarson, 

THE BEOWN SEEDED SARSON AND TORIA 

(а) Brassica triloeularis H. f. T. vern. pili {yelhw- 
seed^) sarson 

An annual, 3-5 ft. high, plant with ascending branches.. 
Boot slender, tapering. Leaves, lamina extending to the 
base in all ; the lower lyrate-pinnatipartite, upper smaller, 
lyrate-sinuate to lanceolate, entire; all except the lower 
3-4 auricled, stem-clasping ; dark green, glaucous, rather 
fleshy, more or less hairy — at least the lower ones. 
Flowers in oblong corymbs elongating into racemes. 
Sepals d&^rk green, glaucous, turning yellow before falling. 

yellow, narrow, about 0*5 cm. broad, well separated 
from one another. Anthers all introrse in bud and flower. 
Pod laterally compressed, much broader than thick, about 
0*7 cm. broad, not torulose ; usually 2-valved or spuriously 
3-4 vaived, erect or pendent ; valves thickly leathery 
beak conical, stout. Seeds sub-globose, dingy white or 
yellow, nearly smooth, non-mucilaginous. Self-fertile. 
Late in maturity. 

(б) Brassica campestris L., suhsp. campestris, var. 
dichotoma Watt. vern. kali {hroton-sceded) sarson 

An annual, 3-5 ft. high, plant with ascending, medium, 
or spreading branches. Root slender, tapering. Leaves, 
lamina in the lowermost 1-2 practically absent in the basal 
half; the lower lyrate-pinnatipartite, decreasing upwards, 
upper smaller, triangular-lanceolate, entire ; all except the 
lower 3-4 auricled, stem-clasping; green, glaucous, thin, more 
or less hairy — at least the lower ones, and also the lower 
•part of the stem. Flowers in oblong corymbs elongating 
into racemes. Sepals green, glaucous, turning yellow 
before falling. FetaU bright yellow, rarely pale yellow to' 
whitish, broad, about 0*7 cm. wide, generally overlapping. 
Anthers in the bud all introrse, in the open flower those 
of the four median stamens extrorse, of the two lateral 
ones introrse. Pods rather narrow, about 0*5 cm. broad. 
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sometimes tornlosc ; 2-valved, erect ; valves thin ; beak 
narrowly conical. xSmls' sub-globose, dark brown, brown, 
or reddish brown, finely rugose, mucilaginous. Highly 
self-sterile. Latfj in maturity. 

(c) Brassica campestris L.^ mib-sp. napus, var. toria 
D. I\ vern, toria,. 

An annual, 2^5 ft. high, plant with ascending, medium, 
or spreading branches- slender, tapering. Leaves, 

lamma in the lowermost 1-2 practically absent in the 
basal half; the lower iyrate-pinnatipartite, decreasing 
upwards, upper smaller, triangular-lanceolate, entire; 
all except the lower 3-4 auricled, stem-clasping ; green, 


glaucous, somewhat fleshy, quite glabrous, so also the 
stem. Flowers in oblong corymbs elongating into racemes. 
Sepals green, glaucous, turning yellow before falling. 
Petals bright yellow, rarely pale yellow to whitish, broad# 
about 0?7 cm. wide, generally overlapping. AMhers in 
the bud all introrse, in the open flower those of the four 
median stamens extrorse, of the two lateral ones introrse. 
Pods rather narrow, about 0*5 cm. broad, sometimes 
torulose ; 2-vaIved, erect ; valves thin ; beak narrowly 
conical. Seeds sub-globose, dark browm, brown, or reddish 
brown, finely rugose, non-mucilaginous. Highly seif- 
sterile. Early in maturity. 
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' :;A NOTE OIL OF MUSTARD IN BRASSICA SPECIES 

km ERUCA SATIVA 

By A.LI Mohammad, M.Sc. (Agri.), L.Ag., Botanist for Oilseeds, Punjab Agricultural College 
and Research Institute, Lyallpur, and Sultan Ahmad, B.Sc. (Agri.), Chemical 
Assistant, Oilseeds Section, Lyallpur 
( Received for publication on 8 June 1944 ) 

The seeds of BramWe are known to contain a is intended to describe the results obtained during 
. glucoside called sinigrin or potassium myronate. the two years 1942-43 and 1943-44. 

On hydrolysis, under the influence of an enzyme, A review of literature shows that very little 
myrosin, which is also localized in the different work has so far been done on this subject, 
cells of the seeds, this glucoside yields dextrose, Atha wale, Hare' Duke and Mathur [1938] published 
essential oil of mustard (chemically termed allyl- some results on the industrial aspects of the 
iso-thio-cyanate), and potassium hydrogen sulphate production of fixed oils with a desirable pungent 
according to the following reaction : ^ smell in compliance with the demand of the Indian 

markets, but these have a remote bearing on the 

OioHigOgNSaK + H 2 O = CfiHiaOs + -CsHsNCS + KHSO 4 
Sinigrin Water Dextrose Allyl-iso- Potassium „ 

■ thio-cyanate hydrogen METHOD OF ESTIMATION AND SAMPLING OF PLANT 

sulphate MATERIAL 


The volatile oil of mustard is prepared by 
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heated on a water bath for an hour. The silver 
sulphide produced was separated by filtration and 
the filtrate was rendered slightly acidic. The 
excess of silver was then titrated with amnioy 

Ilium thiocyanate solution. Each c.c. of silver 
nitrate consumed corresponds to 0*004956 gm. of 
allyl-iso-thio-cyanate. , ^ 

The material for this investigation was obtained 
from toria (Emssica napus L, Var. dickotoma Prain), 

{Brassica 

nigra) and taramira {Erma sativa) crops. Freshly 
opened flowers in a sufficiently large number were 
tagged in the case of each of the above crops and 
samples of developing ovules of known ages were 
obtained regularly at intervals of 10 days each. 
Besides the developing ovules, estimations of the 
essential oil were also .made in leaves, stems and 
branches at various stages of their growth. For 
this purpose five plants were removed from each 
plot between 9 and 10 a.m, on each day of sampling 
and were divided into stem,, branches and leaves. 
The results of these estimations (average of two 
years’ data) are given in Tables I and II from 
which the following general conclusions are drawn : 

(1) The essential oil content of the developing 
ovules (Table I), irrespective of the species, is 
the highest at the beginning of seed development 
and it goes on decreasing as the seeds advance in 
age. In the young ovules it has been found to 
be about "three times the amount present near 
the time of maturity, 

(2) Among the various species studied it was 
found (Table I) that rap L-16 and L-18 and 
taramira crops coAtained in the developing ovules 
a higher amount of essential oil at all the stages 
of their development than toria and brown sarson. 
This shows that the former crops contain a higher 
amount of sinigrin in the seeds at their various 
stages of development and this is responsible for 
their comparatively greater pungency. 

(3) The mature seeds of Brassica species m.ay 
be arranged in the following order in accordance 
with the degree of their pungency as determined 
by the essential oil percentage : 

Rai (1*01), raija L-18 (0*80), raya L-16 (0*70), 
toria (0*62), Brown sarson (0*60). 

It may, however, be noted that taramira contains 
the same amount of essential oil (0*71) as mp, 
possessing characteristic smell which can be easily 
' distinguished from that of essential oil present in 
seeds of va,rious Brassicae referred to above. 

(4) Tender leaves contain a higher amount of 
essential oil than mature ones, it being about 
four times the amount present in the plants at 
the end of the blooming stage." Among the 
various species studied it was found that 
essential oil in raya varieties is slightly higher 


in toria and brown sarson. This difference is more 
pronounced in the later stages of growth than in 
the earlier. For example, in the young stages of 
growth the percentage excess in the essential oil 
in raya and taramira crops is about 23 per cent 
over toria and brown sarson^ (as indicated by the 
average values of two years for both epps) but 
in the middle and concluding stages of blooming 
the excess is about 60 per cent (Table 11).^ 

(5) In the stem and branches the essential oil 
is at its maximum in the early stage of plant 
growth. Later on from the blooming . stages 
onwards, however, considerable decrease m the 
essential oil content takes place. When the plants 
are very young, the differences between the various 
crop^ under study are impereeptible, but, with 
the advancement in ages, the differences become 
•manifest. Higher amounts of essential oil persist 
in raya varieties in later stages of growth than in 
toria and brown sarson (Table II). 

It may be pointed out that in the two years 
there are slight variations in the essential oil 
content in the developing ovules and in other 
parts. These variations may be attributed to 
errors in sampling or they may be seasonal varia- 
tions. These, however, are of little consequence, 
since the general conclusions are based on two 
.years’ data, which show the same trend. 

From the results of the essential oil content in 
various parts in these crops it is therefore concluded 
that the greater pungency in ray<x and 
crops appears to be due to the presence of higher 
amounts of essential oil in the developing seeds 
as compared with those of toria and brown 
crops. In the case of leaves, stem and branches 
this difference is less marked although the former 
crops tend to possess a higher amount of essential 
oil. in these parts, particularly in leaves in the 
later stages of growth. Brown having the 

least amount of essential oil is ev.idently more suited 
for fodder purposes than the other species. 
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INFLUENCE OI AGRONOMIC TREATMENTS ON GINNING PERCENTAGE 

PUNJAB 

By Mohammad Atzal, Sawan Mall Sikka and Abdul Jabbar Khan 
Cotton Eesearct Laboratory, Lyallpur 
(Beceived for publication on 18 December 1944) 


Among the various economic- attributes of the 
cotton plant, high yield, high ginning percentage 
and good quality of lint are evidently the most 
important. Of these, yield always takes precedence 
over others and in all centres where work on cotton 
improvement is being carried out, the considera- 
tion of yield has always ranked the foremost. The 
importance of this char acter has been fully brought 
put by Pause [1941] whnnnds that, to compensate 
for reduction in yield by 1 per cent, the variety 
must show an increase of 10 per cent in quality. 
As regards ginning percentage and quality, it is 
the experience of most cotton breeders that these 
two . attributes are antagonistic and sometimes 
iihprovement in quality has been achieved at thp 
cost of ginning percentage. It is, however, note- 
worthy that a loss of 1 per cent in ginning per- 
centage eats up nearly 3 per cent of the price of 
the produce, which means that 1 per cent ginning 
outturn is equal to 3 per cent yield of the crop or 
30 per cent in quality. In view of this, it is necessary 
that, in any programme of cotton improvement, 
ginning percentage must receive least as great 
a weightage as the yield of the' crop or the quality 
of its produce. 

The primary characters, which contribute to 
ginning percentage are the weight of lint and 
weight of seed, each of which is a corhplex 
character by itself, consisting of several sub- 
components. For instance, the weight of lint is 
composed of weight of single fibre and the number 
of fibres on a seed. The former character could 
be further split up into still finer components, 
such as fibre length and fibre weight per unit 
length. Similarly the important sub-components 
of seed weight are volume and the specific gravity 
of seed. 

All the above mentioned characters are heritable 
but like all quantitative characters, each of them 
is subject to great variations under the stress of 
Sfasonal and agronomic factors also. The work 
bf Balls [1912] in Egypt, Sturkie [1934] and 
Brown [1938] in America, and several others, 
has clearly revealed the great role played by 
nutrition, soil nioisture, spacing, soil types, climate, 
etc., in modifying ginning percentage and its 
components. In India, however, such -analysis 
has received but little attention from cotton 
workers, and the exact nature of factors, which 
hSng about, a reduction or increase in ginning 
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percentage of varieties, is still not clearly under- 
stood. The only results reported on Indian cottons 
are those of Patel and Mankad [1923], Venkata- 
raman [1930] and ^Sen [1934], who have studied the 
variations in some of the components of ginning 
percentage in progressive pickings of varieties, 
but no worker has so far attempted to analyse 
the bearing of the more commonly used agronomic 
treatments on this important character. The 
present investigation was undertaken with a view 
to filling up the latter gap in the knowledge about 
Punjab cottons, and an attempt has been made 
to study the variation in the ginning percentage 
of some and American varieties when they 
are grown under different irrigational, manurial, 
sowing date and spacing treatments. The results 
obtained in this study are embodied in the present 
paper. 

Material and methods 

The data for studying the effect of different 
irrigational and manurial treatments were gathered 
from the following experiments conducted by the 
Deputy Director of Agriculture, Lyallpur, during 
1942-43 and 1943-44 on the Punjab-American 
cotton variety L.S.S. under the Water Require- 
ment of Crops Scheme, Eisalewala : 

(^) Different number of irrigation experiments. 
{ii) Different dates of irrigation experiments. 
[Hi) Experiments to study the effect of different 
intensities and frequencies of irrigation. 

(iv) Flat versus ridge irrigation experiments. 

{v) Manurial-cum-irrigationai experiments. 

All these experiments were carried out in accor- 
dance with the randomized block system with 
five to six replications. 

The quantity of water applied at each irrigation 
was measured by first pumping the calculated 
quantity of water into a high level cistern and then 
letting out the water through cement concrete pipes 
into the beds. In this way, measured quantities 
of water were given- to each bed without any loss. 

The samples, for appraising the effect- of sowing 
dates and spacings were taken from two different 
complex experiments laid out during 1942-43 at 
the Cotton Research Farm, Risalewala. The 
details of the treatments included in these experi- 
ments are given later. Their layout was according 
to the split plot design. 


185 




IV] INFLIJEKCE OF AGBONOMIO TEBAT&OBHTS OK GIKKIKa FEBCEKTAGl IK FUKIAB COTK)KS 


. TMe samples for determiiiation of giming per- 
centage consisted of 3 lb, taken separately 

from eacb of the replications in the above ex- 
periments. 

Ginning of all samples was done by manual 
labour with wooden hand gins. Before ginning, 
the samples of Mpas were conditioned for 24 hours 
in an air tight room artificially kept at a constant 
temperature {90'^F.) and humidity (30 per cent). 
The lint obtained after ginning was also treated 
similarly before weighing it finally for the calcuia- 
tion of ginning percentage. 

lor • determining the various components of 
ginning percentage, the following procedure- was 
adopted : 

(a) Seed weight. The combined seeds of all the 
replications were divided into 16 equal parts. 

, Twenty-five seeds from each lot were then selected 
at random and mixed to form a representative 
sample of 400 seeds. This sample weighed 
on a chemical balance and, from the total weight, 
the average weight of a single seed was calculated 
in miligrammes. 


■(h)'.' Lint per seed, • This was calculated- by the 
following formula : 

Average weight of a single seedxGMniug outturn 
100— -Ginning outturn 

(c) 'Mean fibre length. This was found out by 
BalFs Sorter from representatire samples drawn 
out of the mixed produce of all replications of the 
experiment. 

(d) Mean fibre weight. This was calculated by 
weighing a . known number of fibres on a quartz 
Torsion Micro-balance. 

Experimental results , 

(A) Effect of varying quantities of irHgation water 

The quantities of irrigation water tried in these 
experiments ranged from 9 to 24 acre-inches. 
These were applied in 3 to 8 irrigations, each 
~ of 3 in. depth. 

The analysis of variance in these experiments 
revealed the effect due to irrigation as highly 
significant in both the years. The mean values 
of ginning percentage along with critical difference 
and order of merit of different treatments are 
given in Table I. 


Table I 

Mean values of ginning percentage in different number of irrigation experiments 



Number of irrigations 1 

Critical 
difference 
(5 per cent) 

Order of merit 

X ear i 

" 3- 

4 

- :5 ' ' , 

6 

7 

8 

1942-43 

33*60 

, 1 

33*97 

33*72 

33*06 

. 33*36 

33*36 

±0-40 

4,5, 3, 7, 8,6 

1943-44 

31*25 1 

30*64 

30*18 

30*00 

29*70 

29*43 

±0*43 

3,4, 5,6,7, 8 


, 




i ' ■ ■ 





The results show that, in 1942-43, four irriga- and its decline with more liberal irrigations, an 
tions gave significantly, higher giniung percentage effort was made to split the ginning percentage 
than six,, seven and eight irrigations, though it into its important components, namely, seed 
did not vary significantly from three and five weight, lint weight per seed, mean fibre length and 
irrigations. In the year 1943-44, there was a mean fibre weight.. The results of this analysis 
regular decline in ginning percentage as the quantity are given in Table II. It may be mentioned that, 
of water applied to the crop increased, 3 and 4 since all the constants other than the ginning 
irrigations giving significantly higher values for percentage were determined from pooled produce 
this character than all the other treatments. The of all the replications in the experiment, it was 
- important conclusion, therefore, to be drawn hot possible to find out the true standard error of 
from the combined results of the two years is that those constants. Consequently in Table II, no 
the ginning percentage is likely to increase under figures relating to critical differences have been 
short water supply and decline with heavier given. This, however, does not reduce the value 
quantities of water. of the results, as the differential effect of various 

In order to find out the reasons for the increase treatments is quite marked, 
of ginning percentage under reduced water supply 
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Mecm values 


TABIjEi n 

its components m the different number of irrigation experiments 


Year 


1942-43 


1943-44 


Characters 


Oianing percentage 
Seed Weight (mg.) 

Lint weight per seed (mg.) 
Fibre length (in.) 

Fibre weight per unit 
length ( 10-6 gm. /cm.) 

Ginning percentage 
Seed weight (mg.) 

Lint weight per seed (mg.) 
Fibre length (in.) 

Fibre weight per unit 
length (10“® gm./cm.) 


Number of irrigations 


33*60 

60-58 

30-34 

0*885 

3 * 44 . 


31*25 
65*40 
30*38 
' 0 *88 
^3*54 


33*97 

6M5 * 

31*16 

0*907 

3*51 


30:64 
65*90 
29*75 
0*91 
3*77 ■ 


33 .* 72 
65*20 
33*33 
0*915 
3*62 


30*18 

69*60 

30*56 

0*91 

3*78 


33*06 

67 * 55 ' 

33*35 

0*915 

3*66 


30*00 

70*00 

29*95 

0*91 

3*79 


, 33*36 
69*72 
34 * 80 - 
0*015 
3*91 


29*70 

73*33 

30*82 

0*92 

3*83 


8 


33*36 

70*95 

35*51 

0*927 

4*03 


29*43 

74*50 

30-54 

■ 0*93 

3*86 


It .in b. obsttved tba. It .'SsttSy 

seed -weight, fibre length and fibre weigh , v„-,Tter than that of 3 irrigations during 1943-44, 

a: progressive .increase with _ an in^^^ yet the lint weight per seed within these extremes 

number of irrigations im both th y nf irriCTations exhibited no appreciable differences, 

exneriment, while the behaviour of lint weight per of irrigations exEioitea no^a^j_^ 

1 ♦ -T Wtf-.blTl fib ft two V69»rs. 


2n3=ii=rwitbi. tbe w,..- 

In the year 1942-43, this character, like seed 
weight, fibre length and fibre weight, mamtemed 
an upward trend with the increase m f 

irrigations, while in the subsequent y^r (194:3-44) 
it remained more or dess at a comtant level m 
all the irrigations. This^&bservation is in harmony 
with that^of Patel and Mankad p923] who also 
observed the tot ,w«ght;per .ejd_ *. b« “ ““ 


The logical conclusion of this is that fibre lengra 
and fibre weight form but very unimportant sub- 
components of lint weight per seed. ' In the deter- 
mination of the latter character, the primary 
place, perhaps, goes to number of fibr^ per seed, 
L has also been inferred by Leake [^H], and it 
will be of great interest to study the behaviour ot 
this component under differential^ irrigation treat- 
ments. 


1 A d-iia iitTif wftisylit oer seod to bo ixioro inonts. - 

vSSchLLrtha^seed weight:. The ultimate (B) X#ec« of different frequencies and intensities of 
ftffect of the increase in Unt weight per imgation 


eiteCL 01 LHC ” X 1 • 

1 942-43 was to partially . ont-balance • the reducmg 

effect on ginning percentage of increased seed 
weight, so that the ginnmg percentage m case 
of lower to higher number of irrigations vritMn 
this year varied only very slight^. On the other 
hand, the constancy of lint weight per seed m the 
vear 1943-44 allowed increased seed weight to 
have its full play, with the result that the drop 
in sinning percentage due to increase in number 
of irrigation was more marked durmg this year 

than that in 1942-4S. * i.* l « 

Still another significant feature which requires 
special emphasis in connection with the abore 

. Table III 


ngmiu'fir _ . 

In experiments designed to study this aspect, a 
total of 20 acre-inches of water was applied to 
the Punjab-Amexican variety L.8.S. in 3, 4, 6, 
8 and 9 irrigations of equal intensities m the year 
194243, and 3, 4, 5, 6 and 8 irrigations m the 

year 194344. ^ ■, ■ . . ■ ' ■ ■ 

The analysis of variance revealed non-signmcant 
effect of treatments in the first year of the experi- 
ments and significant in the second par. The 
mean values of ginning percepage obtained in 
both these years along with critical differences and 
order of merit of different treatments is shown in 
Table III. 




7 - - * 

2 

3 

■ 4..; 

::5 

’ 6 

Critical 
difference 
(5 per cent) 


Year 

.Irrigarions 
each of 
6*7 in. 

Irrigations 
each of 

5 in. 

Irrigations 
each of 

4 in. 

6 

Irrigations 
each of 
3*3 in. 

8 

Irrigations 
each of 
2*5 in. 

9 

Irrigations 
each of 
2*2. m. 

Order of 
merit 

194SM3 

33*71 

34-04 


34-04 

34-32 

34'* 24 

Non-signi- 

ficant 

5, 3, 4, 1,2 

1943-44 

•28*47 

28-34 

28*60 

28-S6 

30-21 


±0*80 
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It will be seea from 'Table III- that tbe,, values 
of ginning percentage remained at an almost 
constant level in different treatments during 
1942-43. In 1943-44 also there were no differences 
in the ginning percentage of the crop receiving 
3, 4, 5 and 6 irrigations of varying intensities, 
but, during this year, the application of 8 irriga- 
tions, each of 2*5 in. depth, prodhced significantly 
higher ginning percentage than all the other 
treatments. 

(C) Effect of irrigating the crop on different dates 
In these experiments, a total of 20 in. water 

was applied in six irrigations as follows : 

{i) Early start and early finish of irrigations, the 
dates of watering being 27/6, 21/7, 16/8, 5/9, 
21/9 and 3/10. The depth of each irrigation 
' , was, 3*33 in. ,■ ' ■ ' . . 

[ii) Medium start and medium finish, the dates 
of application of irrigations being 17 /7, 16/8, 5 /9, 
21/9, 3/10 and 15/10, and the depth the same 
as in (i). ' ^ ’ 

(Hi) Late start of irrigation and late finish, viz. 
on 29/7, 31/8, 5M 1/10, 15/10 and 29/10. 
The depth of each irrigation in tliis case was also 
3*33 in. 

(iv) As in (i), but the earlier three irrigations 
were lighter (2*5 in. each) and the later three 
heavy (4*17 in. each). 

The experiments were performed only for one 
year (1942-43) and the analysis of variance sho wed 
the effect of the treatments to be ndn-significant. 
The mean values of ginning percentage were 34*21, 
34*32, 34*26 and 34*11 for treatments (i), (u)r(iii) 
and (w) respectively, from which it can be inferred 
that, so long as the total quantity of irrigation 
water remained the same, starting the irrigations 
to the crop early or delajdng them- by even one 
month further, did not make any difference in 
the ginning percentage of varieties. 

Another noteworthy observation in this experi- 
ment is that even treatment (w), in which apart 
from time of irrigation, the intensity of waterings 
was also varied, did not exhibit any different 
ginning percentage from other treatments. This 
observation fully corroborates the conclusion set 
forth earlier in this paper that, within a fixed 
quantity of irrigation water, the variations in the 
intensity of irrigations have no appreciable effect 
on ginning percentage. The results also justify 
the conclusion that no increase in ginning per- 
centage of varieties is likely to result from applica- 
tion of lighter irrigations in the earlier stages of 
the growth of the crop, and heavier ones at the 
supposedly critical time of development of lint 
fibres. 

(D) Flat versus ridge irrigation 

Study of this irrigational phase was also done 


only for one year, viz. 1942-43. The sowing of 
the crop was done on flat, and the first irrigation 
was also applied in the ordinary way, but subse- 
quently ridging was done in those plots where 
ridge irrigation was contemplated. The total 
quantity of water applied to the ridged and the 
flat plots was the same, viz. 16 in. 

The analysis of variance revealed the effect of 
treatments to be non-significant, the mean values 
of ginning percentage under fiat and ridge irriga- 
tions being 34*18 and 34*43 respectively. These 
results show that the method of application of 
water is not likely to make any differmce in the 
ginning percentage of varieties, provided the total 
quantity of water remains the same. ■ 

(E) Effect, of fertilizers 

The data for this study was obtained from the 
manurial-cum-irrigational experiments of the Water 
Requirement of Crops Scheme, Eisalewaia, on 
L.S.S. The experiments were carried out only 
for one year (1943-44) and included the following 
treatments: * 

(i) Manures. No manure (Mq) itnd 40 (Mi), 
80 (M2) and 120 (M3) ib. of nitrogen per acre from 
sodium nitrate, 

(ii) Irrigations. Four irrigations (Wi), 6 irri- 
gations (W2) and 8 irrigations (W3) with 3 in. 
depth of water in each case. 

The analysis of variance showed significant 
effects of both fertilizers and irrigations individually, 
though their interaction was non-significant. The 
mean values of ginning percentage obtained in 
case of each of these treatments are given in 
;TableIV..;''- 

Table IV 

Mean mitres of ginning percentage in manuriah 
cumHrrigational experiment 

Boses of fertilizer and Ciiticai 
irri^tion differ- 

Treatment — ~ ence Order of merit 

Ml ^ 

W| W 2 • W 3 cent) 


Manures ■ {30-6930*0029*42j28-9$ ±0-34 


Irrigations! 


30*1129*67|29-52 ±0*30 W„ W 2 , U's 


The results show that the ginning percentage 
declined progressively as the dose of the fertilizer 
increased. This tendency was so marked that all 
the doses varied significantly from each other. A 
similar decline also occurred with an increase in 
the number of irrigations, though from statistical 
stand-point only four irrigations gave signifi- 
cantly higher ginning percentage than the other 
two irrigational treatments, which did not vary 
inter .te. These results fully confirm those given 
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earlier in this paper regarding the effect of varying different sowing ^ dates and spaciiigs in each of 
quantities of water on ginning percentage, the three varieties are given in Tables VI and 

Of still greater interest than , the above result VII respectively. 

is the variation produced in different components 

of ginning percentage by different manurial treat- Table VI 


ments. The ffgures obtained with such treatments 


are presented in Table V. 


Table ".VI ' ■ 

Mean values of ginning percentage tvUh different 
sowing dates 


Boses of fertilizer 

o 

M, 

!■ .Ma . 

Ma 

30*68 , 
71*28 

29*99 

73^58 

29*42 

75*11 

28*96 

78*46 

31-6 

31*59 

31*33 

32*01 

0*890 

3*46 

I .0*903 

1 3*64 

0*908 

3*81 

0*916 

I 3*98 


Table V 

Average value of ginning percentage and its compo- 
nents for different doses of sodium nitrate 


Characters 


Ginning percentage 

Average seed weight 

Average lint weight per 
seed (mg.) 

Mean fibre length (in.) 

Mean fibre weight 
per unit length 
(lO-® gm./cm.) 


The data show that, with an increase in the dose 
of the fertilizer, a progressive increase occurred in 
seed weight, fibre length and fibre weight. It 
would, however, be noticed that the increase in 
the latter two characters was very small indeed, 
so that their contribution towards increasing the 
average weight of lint per seed was almost negli- 
gible. The net result, therefore, was that the seed 
weight under different doses of fertilizer increased 
tremendously, while the lint weight per seed 
remained almost constant. Thus, the main factor 
causing reduction in the ginning percentage in 
this case was the seed weight. 

(F) Effect of sowing dates and spacings 

The data for this study were collected from two 
different complex experiments laid at the Cotton 
Research Farm, Risalewala, during 1943-4:4. The 
first of these included the following treatments : 
(i) Varieties. 39 Moilisoni, L.S.S. and 199F. 

(ii) Spacings between rows, 1 ft. (Spi), 2 ft. (Sp2), 
3 ft. (Sp3). 

{Hi) Sowing dates. 6/5 (SDi), 28/5 (SD^), 19/6 
(SDs). . 

The analysis of variance in these experiments 
showed the effect of sowing dates to be highly 
significant in American varieties (L.S.S. and 199F) 
but not in desi (39 Moilisoni). In contrast to this, 
the effect of spacings was uniformly significant 
in both desi and American varieties. The inter- 
action between spacings and sowing dates, however, 
was non-significant in all the types. 

The mean values of ginning percentage with 





Critical 




differ- Order of 

Varieties 

SD, SDj 

SDa 

ence merit 




(5 per 




cent) 

39 Moilisoni 

33*57 34*00 

33*66 

V N.S. 

L.S.S. 

32*23 31*08 

28*98 

±0*876 SBi,SI)2,SD3 

199F 

37*92 |36*64 

36*91 

±0*627 SB„ SDa, SB^ 


Table VII 

Mean values of ginning percentage with different 
spacings 


Varieties 

Sp, 

SPa 

Sp3 

Critical 
differ- 
ence 
(5 per . 
cent) 

Order of 
merit 

39 Moilisoni 
L.S.S. 

134*90 

'!31*27j 

33 •74' 
30*71 

f32*74-. 

30*29 

±0*60 

±0*699 

Sp„ Sp2, Spa 

; Spi.Spa, Spa 

199F 

37*63 

37*30 

36*54 

±0*519 

Spt, Sps, Spa 


- 






The data presented in Table VI show that, in 
the American variety L.S.S. the results with all 
the sowing dates varied significantly from one 
another, first sowing date giving the highest value 
and third the least. In case of variety 199F, 
first sowing date gave significantly better^ ginning 
percentage than the second and the third, but 
the difference between the latter two was non- 
significant. 

As regards spacings, its effect was most marked 
in the desi variety, 39 Moilisoni^ where the results 
with each of the spacings tried varied significantly 
from one another, highest ginning percentage 
having resulted from 1 ft. spacing and the least 
from 3 ft. spacing between rows of the crop. In 
both the American varieties also, the . effect of 
spacings was similar to that in 39 Moilisoni, the 
closest spacing' yielding highest value of ginning 
percentage and the widest the least as will be 
noticed from Table VII, but the differences were 
not as distinctly significant as in the case of 
Moilisoni. 

The second set of experiments, from which data 
for studving the effect of spacing and sowing 
dates on ginning percentage were obtained, 
included the following treatments : 
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{i) Spacings between fows and plants : 

Ift.xlft, (Spi) ; 2 ft.x 1 ft. (Sp 2 ) ; 
Sft.xlft. (Sp3); 2ft.x2ft. (Sp4); 

3 ft.x 2 ft. (Sps). 

{ii) Sowing dates. 16/5 (SDi), 4/6 (SD2), 

26/6 (SDs). ' 

Only one variety was used in the experiment, 
viz. the Punjab- American cotton, 4P. 

The mean values of ginning percentage obtained 
in each of the above mentioned treatments are 
given below : 

Critical 

^Pi ®P2 Sp3 Sp4 Sp5 difference 

Spacings — — ^ — 

33-96 33*40 33-12 32*49 32-07 ±0*09 

. SDi SD2 SD3 

Sowing __i ^0.23 

dates 3^.92 32-70 32-40 

These results are in close conformity with those 
of previous experiments and show conclusively that 
the ginning percentage of the variety 4F was 
depressed as sowings were delayed and also as the 
spacings between rows and plants became wider. 

Discussion 

The bearing of some of the important agronomic 
treatments on ginning outturn of a few Punjab 
desi and American varieties has been given in the 
foregoing pages. The results show that flat versus 
ridge irrigationdid not influence ginning percentage 
to any appreciable extent. Similarly, in the 
experiment designed to find out the effect of 
irrigating the crop on different dates, no significant 
differences were observed in the ginning percentage 
of varieties due to types of irrigation employed. 
The results of intensities and frequencies of irriga- 
tion experiments, however, reveal that 20 acre-in. 
of water, when applied in 8 equal irrigations gave 
significantly higher ginning percentage in 1943-44, 
but that the same treatment failed to produce any 
marked effect on ginning outturn in 1942-43. 
Since the other frequencies and intensities of 
irrigation in both the years did not show any 
significant differences inter se, and since even 8 
irrigations gave very inconsistent results in the 
two years, it is safe to conclude that the frequency 
' or intensity of irrigation also has no effect on 
ginning percentage, so long as the total quantity 
of irrigation water applied to the crop remains the 
same. 

In contrast, however, to the above treatments, 
the application of different quantities of water to 
the variety L.S.S. has given consistent results 
in both the years of experimentation, the ginning 
percentage in general increasing under short water 
supply and vice versa. Thus, from a practical 


stand point, it is the total quantity of water applied 
to the crop which is really effective in modifying 
the ginning percentage of varieties and not its 
intensity, or date and method of application. The 
relevent question, however, to be asked 'in this 
connection is whether the application of lower 
quantities of water could be advocated as a method 
of obtaining higher ginning percentage of cotton 
varieties? The answer to this question can be 
given by considering the variations that are 
produced in different components of ginning 
percentage as a result of the application of different 
quantities of water. The present investigation 
has shown that the seed weight goes down with 
the reduction in the quantity of irrigation water, 
which means that a greater percentage of immature 
seeds is likely to result from such a treatment. 
Since such undeveloped seeds cannot be expected 
to bear lint of proper maturity and length, it is 
doubtful if reduction in the quantity of irrigation 
water will ever be a practical proposition for 
achieving higher ginning percentage. This con- 
clusion is supported by the results of Sturkie [1934], 
who found an increase in ginning percentage with 
decrease in water supply and concluded that this 
increase was due to a greater decrease in seed 
weight than to any corresponding decrease in lint 
weight per seed. 

The effect of the addition of increasing doses 
of inorganic manure, sodium nitrate, has also been 
to depress ginning percentage. This result is in 
agreement with that of Brown [1928] who states 
that cotton grown on rich lands or land with 
liberal application of sodium nitrate has lower 
ginning percentage than cotton grown on less 
fertile soils. The analysis of ginning percentage 
into its COB stitutent components in the manurial 
experiment further reveals that the depression in 
this character as a result of increasing dose of the 
fertilizer is due mainly to increase in seed weight, 
to which extent the addition of inorganic manures 
is desirable from a practical stand point for reasons 
similar to those given for application of heavier 
doses of irrigation water. 

As regards the effect of spacings on ginning 
percentage, it is evident from the results that 
closer spacing (i.e, 1 ft.x 1 ft.) led to significantly 
higher values of this character than the medium 
or wider spacings. This is probably due to the 
greater number of plants per unit area in closer 
spacings and thus to smaller amount of nutrient 
matter available to each j)lant for normal develop- 
ment of seed and lint. It would be of great 
interest to study the variation in seed weight and 
lint weight per seed of plants grown with different 
spacings to throw furtW light on this aspect of 
the problem. The work of Balls [1912] reveals 
that lower ginning outturn with wider spacings 
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is due to greater increase in seed weight than to 
any corresponding increase in lint weight per seed. 

The effect of sowing dates on ginning outturn 
has also been quite marked in that the first sowing 
date has given higher ginning outturn than the 
other sowing dates in case of Pun jab- American 
varieties only. Although it has not been found 
by actual studies how this variation in ginning 
outturn of different sowing dates is brought about, 
yet it is probable that seed weight is low in the 
crop yielded by the first sowing date, which would 
naturally push up its ginning outturn. But, as 
has been mentioned above a low seed weight is 
likely to be accompanied by lint of poor quality, 
it may not be desirable from a practical stand 
point to advocate early sowings of cotton. Further 
justification for this conclusion is afforded by the 
fact that the yield and quality of the crop in later 
sowings show a marked improvement over the 
early sowings in the Punjab, as has been established 
by the work of Trought [1930] and Dastur and 
Mukhtar Singh [1942], 

The above discussion amplifies the fact that the 
scope for achieving higher ginning percentage of 
varieties, at least in the Punjab, by effecting 
changes in the commonly used agronomic treat- 
ments is very meagre indeed. The limit to such a 
possibility is set by the seed weight, which has 
been seen to be affected by these agronomic 
treatments to a much greater degree than the lint 
weight per seed. This fact doubly increases the 
responsibility of the cotton breeder on whom the 
task of maintaining ginning percentage, in the 
new varieties evolved by him, at the highest 
possible pitch becomes incumbent, so that those 
varieties even after being subjected to liberal 
water supply, manuring, late sowings, etc. which 
are essential for obtaining proper yield and quality, 
can still give a ginning percentage not below the 
economic level. 

Summary 

The variations produced in the ginning percen- 
tage of a few Punjab-American and desi varieties 
of cotton by some of the important agronomic 
treatments have been studied. 

By application of 3 to 8 irrigations, each of 
3 inches depth, the ginning percentage generally 
declined as the quantity of water applied to the 
crop increased. This reduction is mainly the result 
of increase in seed weight. 

The application of 20 in. water in 3 to 9 irriga- 
tions of differeilt intensities failed to affect ginning 
outturn appreciably during 1942-43, but in the 
succeeding year 8 irrigations, when applied in 
doses of 2|- in. each, gave significantly higher 
ginning percentage than all the other intensities. 


So long as the total quantity of water applied 
to the crop remained the same, starting irrigations 
early or delaying them by even one month did 
not make any difference in the ginning percentage. 

Application of lighter irrigations in the early 
stages of growth and heavier ones near the flower- 
ing and fruiting time of the crop produced no 
change in ginning percentage. 

There was no difference in the ginning percentage 
of crop grown under flat or ridge irrigation. 

The effect of addition of increasing doses of 
sodium nitrate was to progressively depress the 
ginning percentage mainly as a result of increase 
in seed weight. 

Sowing dates and spacings affected the ginning 
percentage of varieties significantly, higher values 
of this character having been obtained with early 
sowings and closer spacings. 

The possibility of achieving higher ginning 
percentage of varieties by effecting changes in the 
commonly used agronomic treatments in the 
Punjab has been discussed, 
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The geirn^ Citrus comprises a wide range of fruits 
which are prominent in both the internal and 
external trade of Assam. Some of the species, 
namely the Khasi orange (0, ehrysocarfa Lush,), 
lemon (0. limonia Osbeck) and lime (0. aurantifolia 
Swingle) occupy a total of about 25,000 acres and 
are commercially the most important. Besides, 
there are other species like shaddock (0. maxima 
Merril), citron (0. medica Linn.), 0. macroptera 
Mont, and C. Umettwides Tanaka, to name a 
few, which though commercially unimportant, are 
nevertheless grown in many a homestead for 
family needs. hTotwithstanding the antiquity and 
the economic importance of citrus cultivation, the 
province had, hitherto, taken no serious interest 
in guiding the industry on a sound scientific basis. 
Left entirely to private initiative and enterprise 
it began to develop by feeling its way according 
to its own light. Technical methods so widely 
and advantageously adopted in other parts of the 
world did not seem to have much influence here. 
Propagation, as in nature, was carried on almost 
entirely thrgugh seeds. The only m,an“made 
device was ^ gootee ’ or ‘ marcotte ’ a process 
which seems to have been independently developed 
and employed for the propagation of those varieties 
of limes and lemons which Nature most unkindly 
did not provide with numerous seeds for easy and 
quick multiplication. 

With the inauguration of the citrus research at 
Burnihat, Assam, under the joint auspices of the 
Provincial Government and the Imperial Council 
of Agricultural Eesearch, India, attempts are now 
being made to make up for the time lost and 
evolve techniques of propagation and cultivation 
for developing the industry on a sound and a 
rational basis. This paper deals with some of 
the fundamental aspects of propagation -in the 
nursery. 

POLYEMBBYONY IN DIFFERENT CITRUS 
VARIETIES 

Polyembryony or the presence of more than one 
embryo within a seed, has long been known to 
occur in certain varieties of citrus [Leeuwenhoek, 
1719 ; Frost, 1926 ; Toxopeus, 1931 ; Webber, 
1937 and Naik, 1939]. The importance of this 
phenomenon in a nursery lies in the fact that once 
the gametic seedlings which are generally weak 


growers are eliminated the remaining seedlings of 
apogamic origin conform to the parental type and 
thus it becomes possible to establish clonal lines 
for a variety in a most natural way without taking 
recourse to any artificial means. With a view to 
observing to what extent this phenomenon occurs 
in some of the important indigenous citrus varieties, 
a preliminary study was carried out in the seed- 
bed, counting separately the seeds producing one 
seedling each and those producing more than one. 

Table I 

Percentage of polyemhryonic seeds in different 
citrus varieties detected at germination 


VArietiftp 

» OQ 

•s 

2"^ 8 

Total number of seeds 
each producing 

of seeds 
ng more 
le seed- 


11 1 

Two 

seed- 

lings 

Three 

seed- 

lings 

Pour 

seed- 

lings 

■S'§® 

1 o i 

Muri Tenga 






(0. Umettioides 
Tanaka) 

Soh Myndong 

380 

138 


2 

36*84 

(G. limonia 
Osbeck) 

Nemn Tenga 

146 

34 

2 


24*64 

{G, limonia 
Osbeck) 

Kata Jamir 

200 

66 

1 


33*50 

{G, limonia 
.Osbeck) 

Karim Jamir 

252 

79 

4 


32*93 

(G. aumntium 
Linn.) 

Kbasi orange 

328 

44 

. . 


13*41 

{G. chrysocarha 
Lushington) 

Ada Jamir 

469 

122 

5 

* ’ 

27*08 

(G.sp.) 

Rabab Tenga 

160 

24 



15*00 

(G. maxima 
Merril) 

Jora Tenga 

496 




nil 

{G. medica 

Linn.) 

130 




nil 


The foregoing figures are at best a rough indica- 
tion of the extent of polyembryony present in 
these varieties, for it is not sure that all seeds 
producing one seedling each are monoembryonic. 
Polyembryonic seeds of citrus usually seem to 
produce not more than two seedlings each. Further 
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the total absence of polyembryony in shaddocks 
and citrons tends to show that the phenomenon 
is not common in all the citrus species. This is in 
conformity with the observations of Naik [194-0]. 
The extent of polyembryony in the Khasi orange 
((7. cJifysocarpa Lu&h,) is about 27 per cent and 
this probably explains why in spite of continuous 
natural cross pollination, there is such a compara- 
tive great uniformity of seedling trees as is found 
in the proYince. 

Germination of orange seeds (G. cnj^vsocarpa 
Lushington) at different stages of maturity 

OF FRUITS 

As has been stated before, the propagation of 
loose-skinned oranges in Assam is carried on 
almost exclusively through seeds. An experiment 
was therefore conducted with the object of ascer- 
taining the stage of maturity of fruits at which 
the maximum germination may be obtained. 
Twentyfive fruits were picked from a particular 
orange tree once every fortnight and 200 well- 
developed seeds selected from the fruits of each 
lot were put, immediately after extraction, in a 
sandbed for germination. 

Table II 

Percentage of germination of seeds at different 
stages of maturity of fruits ^ the percentage of poly- 
embryonic seeds among them and the time taken for 
germination to start and its completion 


. Bates of 
sowing. 

Number of seeds 
germinated 

Time for Time 
commen- for 
cement com- 
of plete 

germi- germi-. 
nation nation 
in days 

Per- 
cent- 
age of 
germi- 
nation 

Number 
of Poly- 
embryo- 
nic seeds 
detect- 
ed 

Percent- 
age of 
Polyem- 
bryonic 
seeds 
detected 

15.9.41 

95 


26 

42 

47 ‘5 

20 

21*05 

1.10.41 

82 


31 

47 

41 

19 

23*2 

15.10.41 

128 


26 

65 

64 

30 

i -23'*4 , 

1.11.41 

175 


33 

60 

87*5 

36 

20*6 

16.11.41 

190 


31 

65 

95 

39 

20*5 

1.12.41 

186 


30 

67 

93 

41 

22-0 

15.12.41 

190 


31 

65 

96 

60 

26*3 

1.1.42 

174 


35 

68 

87 

37 

21*2 

15.1.42 

166 


37 

72 

83 

37 

22*2 

1.2.42 

162 


45 

76 

81 

43 

26*5 












The mean outside maximum temperature from 
September, 1941, to May, 1942, month by month 
was 89*3% 86*5% 77*2% 74*2% 71*0% 76*5% 81*8% 
85*6° and 87*2°F. respectively. It will be seen 
that inspite of a gradual rise in temperature from 
February onwards, the time required for germina- 
tion for the connected sowings has increased and 
the percentage of germination for the same has 


decreased to a certain extent, though it is known 
that rise in temperature hastens germination. So 
the differences in the percentage of germination 
and the time required for germination in this case 
are probably due to differences in maturity of 
fruits. The results indicate that the seeds of 
mature fruits have a better viability than those of 
less mature ones. Over-ripening of fruits appears 
to lower the germinating capacity of seeds to a 
small extent and prolongs the period of germination 
quite considerably. The interval between*the time 
of sowing and the commencement of germination 
seems to increase with the advancing maturity 
of fruits. 

Immaturity of seeds has probably a more 
detrimental effect on the gametic rather than on 
the nucellar embryo as is evident from the fact 
that irrespective of the stages of maturity of 
fruits, the percentage of germination of poly- 
embryonic seeds is fairly constant ranging from 
20*6 to 26*5. Perhaps the nucellar embryos develop 
sooner than the gametic ones in this variety. 

Effect of sunning on the germinating 

CAPACITY OF ORANGE SEEDS 
(G. CHRYSOCARFA LuSHINGTON) 

The popular belief among the growers is that to 
ensure satisfactory germination the seeds of, all 
kinds should be as thoroughly dried as possible 
by subjecting them to direct sunshine for protracted 
periods. In order to see how far this rule is 
applicable to the orange a small quantity of orange 
seeds from mature and healthy fruits from a single 
tree was subjected to different periods of sunning 
from 2 :ero to forty hours and tested for germination 
in a sandbed. 

Table III 

Percentage of germination of orange seeds 
subjected to different periods of sunning 


Date of 
sowing 


26.1.42 

26.1.42 

27.1.42 

28.1.42 

29.1.42 

30.1.42 

31.1.42 

1.2.42 

2.2.42 

3.2.42 

4.2.42 


Duration of 
sunning in 
hours 

Number of 
seeds sown 

Number of 
seeds germi- 
nated 

Percentage of 
germination 

0 

200 

192 

96 

4 


162 

81 

8 


102 

51 

12 

a . 

62 

31 

16 

» > 

12 

6 

20 

>> 

14 

7 

24 


6 

3 

28 

■>> 

2 

1 

32 


- 2 

1 

36 


nil 

nil 

'40 

1 

. ■:?» 

nil 

nil 
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The foregoing results indicate that the 
germinating capacity of orange seeds progressively 
deteriorates with increased doses of sunning, that 
the fresh seeds ensure the highest germination 
and that in no case should the seeds be exposed 
to direct sun for more than four hours. The 
time taken for commencement of germination 
seems to increase with the increased period of 
sunning. 

Duration of the viability of citrus seeds 

The object of the experiment was to find out 
how long the viability of citrus^ seeds remains 
unimpaired if these are kept in an airtight 
container. The significance of this experiment lies 
in the fact that sometimes it becomes essential to 


send the seeds to a distant place or to preserve 
them for deferred sowing. Seeds of seyen varieties 
of citrus representing three grades, viz. big, medium, 
and small, were seleated for the experiment. The 
seeds of different varieties were extracted from 
well-matured fruits on 29 December, 1943, 
and dried in shade for three days. Four hundred 
seeds of each variety mixed with charcoal powder 
were kept separately in a desiccator for two and a 
half months after which one hundred seeds of each 
variety were put in a sandbed for germination. 
The remaining seeds were sown at intervals of 
seven days from the date of first sowing. ^ ^ 

The results tend to show that the big sized 
seeds retain viabiUty for a longei period than 
the small ones and that there is a gradual fail 
in vitality of stored seeds irrespective of size. 


Table IV 


Name of variety of seeds 

Number of 
seeds sown 

Average size of seeds 
(length X breadth) 

Bate of 
sowing ' 

Number 
germinated 
or per cent of 
germination 

Time interval 
for germina- 
tion to start 
(in days) 

Rabab Tenga {0. maxima 

100 

1-94 i 

cm. 

xi- 

12' 

cm.= 

=2*17 

sq. 

cm. 

20.3.44 

27.3.44 

78 

64 

44 

39 

Merril) 

>> 









3.4.44 

30 

40 


>> 









10.4.44 

15 

31 

Karun Jamir (C. awrantium 

100 

1'82 

cm. 

xo* 

82 

cm.= 

=1*49 

sq. 

cm. 

20.3.44 

27.3.44 

56 

40 

42 

38 

Linn.) 










3.4.44 

26 

43 











10.4.44 

10 

38 

Muri Tenga {C. Umettioides 

100 

1-52 

cm. 

xO- 

80 

cm.= 

=1*02 

sq. 

cm. 

20.3.44 

27.3.44 

i 48 

32 

41 

38 

Tanaka) 










3.4.44 

14 

.42 











10.4.44 

nil 


Jora Tenga (C. medica Linn.) 

100 

1-32 

cm. 

XO' 

•68 

cm.= 

=0-89 

sq. 

cm. 

20.3.44 

27.3.44 

52 

46 

39 

40 











3.4.44 

32 

34 


■ >> 

99 









10.4.44 

8 

. ■ 38 

Soh Sarkar {G. Kama Raf.) 

100 

M4 

cm. 

XO 

•72 

cm.= 

=0-82 

sq. 

cm. 

20.3.44 

27.3.44 

46 

36 

38 . 

38 











3.4.44 

28 

37 











10.4.44 

nil 

Tiil 

Tulia Tenga (U. limonia Osbeck) 

100 

1-20 

cm. 

>X0 

•59 

cm.: 

o 

CD 

6 

li 

sq. 

, cm. 

20.3.44 

27.3.44 

32 

34 

40 

38 


99 









3.4.44 

18 

36 


99 









10.4.44 

14 

38 

Soh Myndong {C. limomia 

100 

1-24 

cm 

.xO 

•45 

cm.: 

:=0-65 

sq. 

. cm. 

20.3.44 

27.3.44 

42 

36 

42 

42 

Osbeck) 

9 9 









3.4.44 

33 

36 


99 

” 









10.4.44 

damaged 

nil 



194 THE INDIAH ^rOt^EISfAL os' 

Klimenko [1937] has also observed that the vita- 
lity of citrus seeds progressively decreases with 
increased storage. 

Pbopagation of plants by boot-cuttings in 

THE OPEN BED 

Investigation into the possibilities of raising 
plants of different citrus varieties from root cut- 
tings, planted in the open-bed, was made mainly 
in relation to raising standardized clonal materials. 
Cuttings of two sizes, viz. 4-6 mm. and. 2-3 mm. 
thickness of 8 in. length, obtained from 2-3 year 
old trees from 6-8 in. below ground level were 
planted in a sandbed during July, i.e. when 
the monsoon had well set in. 

Table V 


Percentage of success obtained in propagating 
plants from root cuttings of different citrus 
varieties 


Variety 

Number of 
root piece 
planted 

Diameter 
of roots 
in mm. 

Number 
of plants 
propaga- 
ted 

Percen- 
tage of 
success 

Jora Tenga 

50 

4-6 

34 

68 

(C. medica Linn.) 


2-3 

28 

56 

Soh Myndong 

» 

4-6 

27 

54 

{0, limonia Osbeck) 

99 

2-3 

6 

12 

Muri Tenga. 

99 

4-6 

23 

46 

(U. limettioides 

99 

2-3 

11 

22 

Tanaka) 




1 

Khasi orange 

99 

4-6 

. . 


{G* chrysocarpa 

99 

2-3 


. . 

Liishington) 





Karun Jamir 

, 99 

4-6 

... 

. . 

(G.aurantiurnhbm.) 

99 

2-3 



Rabab Tenga 

99 

4-6 



{C, maxiyna Merril) 

99 

2-3 



Satkora 

99 

4-6 



((7. maeroptera Mont.) 

99 

2-3 

•• 



Observations indicate that only citrons and 
lemons may be propagated by this method with 
appreciable success. The degree of success obtained, 
with rough lemon shows that this method may be 
profitably employed for multiplication of this 
important stock type so commonly used for 
budding different scion varieties. Roots of 
shaddocks, the Seville orange, Mandarin orange and 
0. macToptera to strike out any shoot when 
planted in the open bed. G-eneral observations, 
however, indicate that if the stock is removed and 
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the roots are kept slightly exposed situ oi if 
the roots are severed from the mother plant and the 
cut ends are slightly raised above ground and left, , 
then varieties like C. chrysocarpa and 0. macroptera, 
which otherwise do not sprout from planted root 
cuttings, do form shoots from the exposed root-ends. 
Roots of 4-6 mm. thickness seem to give a 
higher percentage of success than those of lesser 
thickness. This is because root bits of small 
girth dry up quickly and perish. Raima [1931] 
and Hunter [1932] also carried out similar investi- 
gations on root cuttings without any striking 
success. 

Propagation prom stem cuttings treated with 
' Hortomone a ’ 

Of ail the different citrus varieties only citrons 
and lemons may be ordinarily propagated from 
stem cuttings. An investigation was, therefore, 
undertaken to ascertain whether it is possible to 
accelerate root formations in citrons and lemons 
and induce rootings in other varieties by treating 
their respective stem cuttings with ‘ Hortomone 
A a synthetic plant hormone or auxin patented 
by the Imperial Chemical Industries Ltd. 

Stem cuttings of seven varieties of citrus were 
obtained from approximately one and a half year 
old branches of a particular tree of each. The 
cuttings were 9 in. in length and 8 to 10 mm. in 
diameter with a terminal fiush of 3 to 4 mature 
leaves in each [Halma 1931]. Thirty cuttings of 
each of the varieties cut just below a node and 
tied in separate bundles, were kept with the lower 
ends, in a solution of ‘ Hortomone A ’ prepared 
in the proportion of half an ounce to a gallon of 
water for 16 hours after which the treated cuttings 
were removed and rinsed thoroughly in water. 
Thirty cuttings of each variety were left untreated 
to serve as a control. 

The treated cuttings together with a set of 
controls for each were planted in a slanting manner, 
two feet apart in a bed of soil mixed with well- 
rotted cowdung and leaf mould. The planting 
was done on 6 May 1943, and within three 
weeks the treated cuttings in most cases began to 
produce new shoots. The production of new 
growths was found to vary within the varieties. 

The cuttings were excavated at the end of three-- 
months and the soils attached to the roots 
were washed away carefully using a pressure 
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Table VI 

Percentage of survival, mean length of 

to root of the treated, and untreated stem cuttings 


of shoot 


Name of variety 


Jora Tenga 

{G. medica Linn.) 
Kata. Jamir 

{G. Innonia Osbeck) 
Sob Myndong 
{G. limonia Osbeck) 
Muri Tenga 
{G. UmetUoides Tanaka) 
Karun Jamir 
{G. aurantimn Linn.) 
Rubab Tenga 
(G. maxima Merril) 
Satkora 

{G. macTOfpiera Mont.) 
Khasi orange 
(G. chrysocarpa Lush.) 


From tHe above results it may be stated that 
treatment with ‘ Hortomone^ A ’ causes a higher 
percentage of survival in cuttings of those varieties 
which are normally amenable to propagation 
cuttings, but it fails to induce rooting in one wMch 
ordinarily does not root from cuttings. The 
chemical, however, seems to have some influence in 
accelerating both root and shoot formations. 

Propagation op citrus vARisTps by ' gootee ’ 
or^marootte’ 

As a method of propagation ‘ gootee is probably 
the most antique and universal in use. All the 
citrus varieties are amenable to multiplication by 
this method. And yet for successful nursery 


practice there is the necessity tor couecrmgmiuim<t- 
tions as to the minimum time required for the 
formation of roots and the possible percentage of 
success attainable in different citrus varieties. 

Ten varieties of citrus were selected for the 
study and the ‘ gootee ’ operation was earned out 
in the usual manner [Burns, 1930] during 
i.e. in the height of the monsoon. To find out^the 
actual time of root formations occasional examina- 
tion was made into the, ' gootee ’ by splitting 
open the upper sides of the ball of rooting compost. 
All the varieties were found to form roots within 
two months and the total rainfall during the 
corresponding period, i.e. July and August, was 
22*60 in. spread over 39 days. 


Table VII 


Range of time required for the fonnation of roots in the ‘ potee ’ and the percentage of success 


Varieties 


Number of 
‘ gootee * 
operated 

Number of 
success 

Percentage of 
success 

Range of time 
required for 
root formation 
(in days) 

Jora Tenga ((7. Linn.) . . 

Assam lemon ((7. Ziwoma Osbeck) 

Sob Myndong (C. limonia Osbeck) 

Muri Tenga (<7. limettioides Tanaka) 

Satkora (G. macroptera Mont.) 

Musambique [C, sinemis Osbeck) 

Valencia orange (G, sinensis Osbeck) 

Karun Jamir {0. aurantium Linn.) ^ 

Khasi orange {G, chrysocarpa Lusbington) 
Grape Fruit (G. paradisi Macf.) 


20 

20 

20 

20 

20 

20 

20 

20 

20 

20 - 

20 

20 

20 

20 

20 

20 

14 

16 

18 

16 

100 

100 

100 

100 

100 

100 

70 

80 

90 

80 

20—25 

22-26 

31- 40 

32- 40 

36-42 

38-44 

44- 52 

40-48 

45- 55 

48-54 





number 


It may be seen from the foregoing results that 
all the ten varieties under trial may he successfully 
propagated by this method if the operation is 
carried out in the rainy season. There seems to 
be a distinct varietal difference in the tiine taken 
for the formation of roots varying as widely as 
from 20 to 55 days. Citrons, lemons, 0. macroftera 
and 0. limatioides strike out roots much more 
quickly than the tight-skinned, loose-skmned, 
Seville oranges and grapefruits. 

Propagation bs bark-grafting 
In propagating citrus varieties on different 
rootstocks, budding is by far the commonest and 
easiest method. But the percentage of success 
attained by budding during Jime, July and August 
is somewhat low due to the prevalence of conti- 
nuous wet weather and it is m this penod that 
bark-grafting may be adopted in the nursery with 


advantage. The operation is akin to crowii- 
grafting with the scion-stick inserted into a slit 
prepared between tbe bark a^nd wood of |lie stock ^ 
and may be conveniently employed in any stock 
in which the bark will slip. The small stock plants 
with a diameter of 0;7 cm., give equally good 
results as those of a ‘diameter of 2 cm._ This 
method is particularly suitable, in inducing an 
earlier feathering in grapefruits which when 
budded take an unusuaUy long period ranging 
from 3-6 months for bud-break. The success or 
failure of bark-grafting, however, depends very 
much on the prevailing atmospheric condition. 

If the operation is followed immediately after- 
wards by many rainy days the success is assured, 
but on the other hand if a dry spell lasting 
even for 4 days intervenes immediately after 
the operation the percentage of success is much 
less. 


Table VIII 

Effect of dry and wet weather on the success of bark-grafting 


Number of 

Number of sunny days in 
plants grafted the first week 
after opera- 
tion 


Dates of operation 


11 July 1940 
16 July 1940 
.29 July 1940 
10 August 1940 
22 August 1940 
14 September 1940 
16 October 1940 
18 November 1940 


Note Soion-Khasi orange (G. chrysocarpa 

Stock — Soh Myndong {G, limonia Osbeck) 

The foregoing results clearly indicate that the 
optimum season for bark-grafting is during July 
and August, i.e. during the rains. But even during 
this period the success depends on the continuity 
of wet weather. The low percentage of success 
for the operations carried out^on 29 July and 
22 August 1940, was due to the fact that in 
each case the operation was followed immediately 
afterwards by 4 and 7 sunny days respectively 
even though there were 10 and 7 rainy days 
respectively in the later part. The total failure 
of bark-grafting during the winter months may be 
attributed to the absence of an active growing 
condition in the plants and to the attendant low 
humidity of the atmosphere. 

Peopagation by budding 
Of the different methods of vegetative propaga- 


Number of 
rainy days in 

Number of 

Percentage 

the first fort- 

successful 

success 

night after 
operation 

plants 


14 

12 

87 

15 

16 

80 

10 i 

8 

53 

13 

13 

86*6 

7 

7 1 

35'-. 

7 

. . 



of days for 
bud-break 


tion employed in citrus, budding is by far the 
most efficient and universally practised. There 
is however, a divergence of opinion among the 
horticulturists about the details of the technique. 
The inverted " T ’ with a minute piece of wood 
attached to the bud-shield is advocated by some 
[Hume, 1941 ; Wickson, 1926 ; Camp, 1931 ; and 
Naik, 1939] while the removal of the wood from 
the bud-shield is suggested by others [Hall and 
Crane, 1933]. In South Africa the question of the 
retention or removal of wood is considered to be 
a matter of individual preference [Powell, 1930]. 
A trial was therefore conducted to find out the 
relative success in bud-take and joint formation 
by different methods of budding. The operation 
was carried out by one single budder using scions 
of Khasi orange (C. chrysocarpa Lushington) on 
root-stocks of Kata Jamir (C. limonia Osbeck). 
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Table IX 


Method of budding 

Number 
of plants 
budded 

Mean 
height in 
cm. of root- 
stock 

! S.E. 

Mean stem 
diameter 
in mm. of 
rootstock 

S.E. 

Number of 
success- 
ful bud-take 

Percen- 
tage of 
bud-take 

Mean 
period of 
bud- break 
in days 

' S.E. 

A. Inverted ‘ T ’ ‘ 
with wood 

'25 'i 

65-24 ' 

1-28 

9-48 

0-26 

22 

88 

54-52 

1-23 

B. Inverted ‘ T ’ 
without wood 


67-24 

0-93 

9-12 

0-27 

14 . 

56 

56-36 

1*56 

C. Normal ‘TV 
with wood 

■'25: 

69-76 

1-64 

9-40 

0-18 

18 

72 

53-61 

1-49 

D. Normal ‘ T ’ 
without wood 

25 

69-44 

! 2-59 

9-36 

0-26 

15 

60 

54-40 

1-54 


Eootstock — Kata Jamir (Gvliwowiff Osbecy 

Scion — Khasi orange (O. cAroy^ocar^i? Lnshingtonj 

Age of stock plants at budding — 11 months 

Dates of budding — 14.1.42 and 15.1 .42 

Note When the various treatments are compared at 5 per cent level of significance, the relation with respect to the 
various characters are as follows : 

Height of stock ^s^ — A. B. Q. D. 

Stem diameter of stock — A. B. C. D 
Period of bud-break — B. A. D. 0. 

Of tlie four metliods >of shield-budding tested of season, however, gets partially masked by the 
both the inverted ‘T ’ and normal ‘ T' with the varying age of the stock materials. In the trial 
wood attached to the bud-shield have given a conducted, the age of the stock plants for October 
high percentage of success, viz. 80 per cent and operations was only nine months whereas the 
72 per cent respectively. The former method is same for September operation in the following 
customarily practised in this nursery and the year was about 20 months. The old plants were 
slightly higher percentage of bud-take than with kept in a workable condition by cutting back the 
the latter may partly be due to a greater skill and main stem and allowing a shoot to grow on which 
dexterity of hand achieved by constant practice, the subsequent bud-insertions were carried out. 
The low bud- take both with normal and inverted This cpuld not be helped as it was not found 
‘ T ’ with the wood removed, viz. 60 per cent and practicable to maintain a constant age of stock 
56 per cent respectively is probably primarily materials by carrying out a monthly sowing 
due to knife injury unconsciously indicted on the primarily because of the short-lived viability of 
bud-shield while removing the wood. In any seeds and secondly because of the diiferentiai 
case the removal of the wood does not seem to be influence of seasons themselves on the growth of 
justified as the percentage of bud- take is lower the plants, 
and as it unnecessarily taxes the patience, skill Table X 

and the time of thp''l3udder. Besides, the difference ^ r r ^7 

of presence or essence of wood does not seem to Success £ budding m different months of the year 

have any infli/ence either on the period of bud- ^ bud-break 

break or om^he quality of bud-joint. True, the Number Number -“sl g 

retentioiyrf an unnecessarily big or rough wood- Months * of plants of success- Percentage 
slice give rise to a swollen joint [Mendel, ^ budded fulbud- of success 'S'! ^ 

19361/lbut this only discredits the b udder and not 

theymethod. ok ok mo kk.o/j 


^ Influence of season on the success of 

BUDDING 

Knowledge- regarding the optimum season for 
budding is essential for successful nursery work.- 
A trial was, therefore, conducted by carrying out 
budding on a lemon rootstock with bud-wood 
obtained from a selected orange tree once every 
month to ascertain the effect of season. All the 
operations in different months were done* by a 
single budder. In a protracted trial of this nature 
spread over twelve months of the year the influence 


Months * 

Number 
of plants 
budded 

Number 
of success- 
ful bud- 
take 

Percentage 
of success 

Mean 
period of 
bud- break 
in days 

January 

25 

■ ' 25 ■ ' 

100 

55-96 

February . . 


21 

84 

49-90 

March .. 

„ 

12 

48 

54-30 

April 

?>■ ' , 

18 

72 ■ 

59-20 

May 


17 

68 

49-41 

June . , 

>> 

15 

60 

62-20 

July 


15 

60 

62-13 

August 

jj 

18 

72 

56-56 

September , . 

>> 

' 20 

80 

49-90 

October .. 


i 14 

56 

60*20 

November . . 

>> 

25 

100 

57*60 

December . . 


25 

100 

59-50 


Rootstock-Kata Jamir ((7. limonic^ Osbeck) 

Scion — ^Kbasi orange ((?. chrysocarpa LusMngton) 

Seedlings were budded on the 15th of every month 





From the above data it may be seen that 
budding may be carried out almost througlwut 
the year with different degrees of success. The 
period from November to January seems to be 
the optimum season and September and February 
seem to be the next best. Protracted dry and 
wet weather during the summer months are un- 
favourable for budding. Under wet conthtions 
fairlv good results may be obtained by employing 
paraffin coated wrappers which prevent the rain 
water from getting into the slit, but during 
weather no protection can be rendered to a freshly 
inserted bud which frequently dries and shriveis 
up. In Madras, July to September is considered to 
be the optimum season while October to January 
is considered to be the next best [Naik, 19dyj. 
The position in Assam seems to be almost the 
reverse. The period of bud-break for the Khasi 
otange varies from 49 to 62 days and does not 
seem to show any distinct seasonal variation. 
Even if there be any seasonableiinfluence it probably 
gets covered up by the variable character of bud 
materials as regards the stage of dormancy. It 
is a matter of experience that the majority of 
orange buds obtained from the fruiting branch 
of a seedling orange tree tend to be partially blind 
and vigilant care has to be exercised in selecting 
active buds. In a nursery plot for mass propaga- 
tion when the selection of buds was left to the 
discretion of a mali it was found that out of 
48 successful buds worked on rough lemon 
rootstocks only 11 burst out within 60 days and 
the reminder took anything between 100 and 
150 days. 


Effect of lopping the boot- stock at the 

TIME OF BUDDING AND LOPPING IT AFTER 
THE BUDLING HAS ATTAINED A 
A HEIGHT OF 3 IN. 

Information as to when the stock plants should 
be lopped off so as to secure the maximum_ growth 
of the budling is indeed important. A trial was, 
therefore, conducted with two groups of Kata 
Jamir seedlings {C. limonia Opbeck) identical m 
age and origin. The mean height and mean dia- 
meter of one group of seedlings recorded just before 
bud-insertion were 64'03 cm. and 11’59 mm. with a 
SB of 1-09 and 0-24 respectively. The mean height 
and the mean diameter of the other group of seed- 
hngs recorded on the same day were 65‘47 cm. and 
11-59 mm. with SB of 1-25 and 0-24 respectively _ 
showing that the stock materials for both the 
groups were statistically identical at a 5 per cent 
level of significance. Plants of both the groups 
were budded on 6, January 1942, with bud- 
wood obtained from a selected Khasi orange (0. 
chrusocar'pa Lushington) tree .by the same operator. 
Immediately after budding the plants of one group 
were lopped off at a height of 6 in. above the point 
of union and the plants of the other group were 
allowed to grow unlopped till the budlings in each 
case had attained an approximate height of 3 in. 
The out at a height of 6 in. was settled with the 
idea of cutting back the stub to the bud in a progres- 
sive manner, instead of in one single out, .as has been 
advised by Baily [1920], Davis [1917] and Powell 
[1930]. The extension growth of the_ individual 
budlings was recorded on 5, May 1942, i.e. after an 
interval of four months from the date of budding. 


Table XI • 

Effect of topping the mot-stock at the time of budding on the percentage of success, period 

of bud-break and extension growth 
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Treatment 


A. Stock lopped at 
budding 

B- Stock lopped after ^ 
budling attained 3 in. 
in height 


Number of 
plants 
budded 

Number of 
success 

Percentage 
of success 

Mean period 
of budbreak 
in days 

S.E. 

Mean exten- 
sion growth 
in cm. 

■S.E. 

32 

25 

78-12 

47-24 

1-09 

36-16 

1-14 

32 

27 

84-37 

58-30 

1-26 

47-26 

1*57 


Nora— When these treatments are compared at 5 per cent level of significance the conclusion is as follows : 
Period of bud-break— B is sigiuhcantly greater than A 
Mean extension growth — is significantly greater than A 


The above results tend to show that the lopping 
of the stock plants at the time of budding may 
lower the percentage of bud-take slightly and 
induce an earlier bud-break by about ll days. 
But notwithstanding the advantage of an earlier 


bud-break the amount of extension growth of the 
budlings, attained in a period of four months from 
the date of budding, is significantly less in lopped 
plants than in those where lopping was done after 
the budlings had attained a height of 3 in. The 


lJlV-^SfMATI03Sr§ OJSr diTfeus propaoatiok in a^^aM 


results are in accord witk those of Naik [1939] 
working in Madras, 

Lopping at the time of budding should also be 
discarded as it causes serious injury to the stock 
plants by interfering with photo synthetic acti- 
vities [Mendel, 1937]. Many of these plants 
develop symptoms of root-rot and wilting and may 


ultimately die. This is, however, different from 
the ‘ bud-wilt ’ reported by Hairna [1941] as in 
his, case only the budling shows wilting leaving 
the stock plant unaffected. The degree of toler- 
ance to lopping seems to vary from variety to 
variety ; rough lemons being particularly suscep- 
tible and the shaddocks being specially resistant. 


Table XII 

Extent of mortality caused by lopping at budding on rough lemxm and shaddock rootstocks 


Scion 

Rootstock 

Date of 
budding 

Number of 
plants lopped 
at budding 

Number of 
dying plants 

percentage 

of 

mortality 

Remarks 

Khasi orange 
{G. chrysocarpa liush..) .. 

Rough lemon 

10. 9,41 

17 

5 

1 

1 29-41 


•— Do.— 

Shaddock 

21. 9.41 

15 

1 

i 6-67 


Do.— ■ 

Rough lemon 

10.10.41 

15 

1 4 

26*67 


— Do.— 

— Do.— 

15.10.41 

14 

1 9 

64-29 

Irrigated 

— Do.— 

— Do.— 

24. 6.42 

33 

1 25 

75*60 

Valencia [C, sinmsis Osbeek) 

Do< — 

26. 6.42 

1 15 

1 10 

66*67 


Khasi orange 

Shaddock 

30. 6.42 

1 20- 

! 2 

10-00 



The data furnished above are not the outcome 
of any planned experiment but these were collected 
from the genefral nursery where lopping at budding 
was practised with a view to inducing early bud- 
break. It may be seen that mortality is more 
during summer months than during autumn. 
But even during autumn mortality increases 
quite considerably if the lopped plants are subjec- 
ted to irrigation. General experiences in the 
nursery tend to show that all Citrus root- 
stocks exhibit this intolerance to lopping at 
budding though some stand it better than others. 
Since lopping at budding does not exercise any 
favourable influence either on the percentage of 
bud-take or on the extension growth of the budling, 
there seems to be no justification for adopting it 
as a nursery practice simply because it happens 
to induce an earlier bud-break. The best course 
to adopt is to cut back the stock to the bud in a 
progressive manner allowing some leaves of the 
stock plant to carry on essential photosynthetic 
activities till the budling develops enough leaves 
to take up this essential physiological function 
exclusively. 

Summary 

1. The extent of seeds producing more than 
one seedling each in nine citrus varieties has been 
determined. Such seeds usually produce two 
seedlings each and sometimes more. Seeds of 
shaddocks and citrons appear to be mono- 
embryonic. 

2. The experiments on the effect of the stage 
of maturity of fruits of the Khasi orange (0. 
chrysocarpa Lush.) on the germinating capacity of 


seeds show that seeds of mature fruits seem to 
give a better germination than those of immature 
ones. Overripening of fruits lowers the viability 
of seeds to a small extent and prolongs the period 
of germination quite considerably. Immaturity 
of seeds has probably a more detrimental effect 
on the gametic than on the nucellar embryos. 

3. Fresh seeds of the Mandarin orange ensure 
the highest germination which progressively 
deteriorates with increased doses of sunning. 

4. An observation carried out on the viability 
’of seeds with three grades of seed sizes and stored 
in a desiccator for 2 J months shows that the 
bigger the size the longer is the period for which 
the seeds remain viable and that the viability of 
seeds progressively deteriorates with the lengthen- 
ing of storage periods. 

5. Investigations into the possibilities of raising 
plants of citrus from root cuttings planted in open 
beds show that only citrons and lemons may be 
propagated by this method with appreciable success. 
Shaddocks, Seville orange, Mandarin orange and 
(7. macropt^ra fail to form shoots from planted 
root cuttings. 

6. Treatment with " Hortomone A ’ causes 
a higher percentage of survivals in stem cuttings 
of those citrus varieties which are ordinarily 
amenable to propagation from cuttings but it 
fails to induce rootings in a variety which does 
not usually root from cuttings. This chemical, 
however, seems to have some stimulating influence 
in accelerating both root and shoot formation. 

7. All citrus varieties may be successfully 
propagated by t gootee \ Citrons, lemons and 
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C. macroptera put out roots miicli more quickly 
than the tight-skinned and loose-skinned oranges, 
Seville oranges and grapefruits. 

8. The best season for bark-grafting is during 
July and August, i.e. during rains but the success 
depends on the -continuity of wet weather. The 
failure of this method during winter months is 
attributed to the absence of active growing condi- 
tions in the stock plants and to the attendent low- 
humidity. Bark-grafting is particularly suitable 
in inducing an earlier feathering in grapefmit 
which when budded takes an unusually long period, 
3-6 months for bud-break. 

9. Of the different methods of shield-budding 
tested both inverted ‘ T ’ and normal ‘ T ’ with 
a minute piece of wood adhering to the bud-shield 
have been found to give a higher percentage of 
success than when bud-shields are used with the 
wood removed. 

10. The optimum season for budding under 
conditions obtaining at Burnihat, Assam, is from 
November to January, i.e. during winter; 
September and February seem to be the next best. 

11. The period of bud-break for the Khasi 
orange {0. chrysocarpa Lush.) varies from 49 to 
62 days and does not seem to show any distinct 
seasonal influence. 

12. The practice of lopping the stock plants 
at the time of budding induces an earlier bud- 
break but lowers the percentage of bud-take and 
retards the extension growth in comparison with 
lopping after the budlings have formed few well- 
developed leaves. The former method causes 
serious injury to the stock plants, many of which 
develop symptoms of root-rot and consequent 
wilting. The best course to adopt in a nursery is 
to cut back the stock plant to the bud in a progres- 
sive manner. 
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India exports on an' average about 100,000 tons 
of bones every year, the province of the Punjab 
alone contributing roughly 23,000 tons. Oh the 
basis of 25 per cent P2O5 available in bones, the 
Punjab soils are deprived every year of about 
6,000 tons of this important chemical, and thus 
the export of bones means a loss of great potential 
wealth to the Punjab agriculturist . 

Nitrogen and other plant food-constituents are 
added to the soil ill a number of ways ; recupera- 
tion of nitrogen may even be eifected by natural 
processes but there exists no such agency for 
returning phosphates to the soil. It is not 
surprizing, therefore, that attempts should have 
been made from time to time to utilize bone 
manures, this being the only indigenous phosphatic 
manure of the province, for improving the phos- 
phate status of the Punjab soils. 

The Department of Agriculture, Punj ab, has 
been carrying out trials with artificial fertilizers, 
but in the majority of earlier experiments, phos- 
phates either alone or in conjunction with other 
manures did not improve the yield of the crops 
to an extent which would justify the use of these - 
manures on an economic basis. Later on, experi- 
ments were carried out with different grades of 
bone meal on wheat and cotton. It was observed 
that the addition of bone meal either singly or in 
combination with other materials did not increase 
the yield nor was there any residual effect on the 
succeeding crops. As a result of these experiments 
it was concluded that Punjab soils were quite 
rich in phosphates, and they did not require any 
treatment with phosphatic manures. The more 
recent work on the Departmental farms, however, 
indicates that soils from the sub -montane tracts 
such as Rawalpindi and Gurdaspur do show a 
response to phosphatic manures. Therefore, an 
investigation was taken up to study the phosphate 
status of the soils of the Punjab, viz. their power 
of phosphate fixation, movement of phosphate 
^ through calcareous soil, and the response of 
calcareous and sub-montane types of soil to phos- 
phate fertilization at different depths. The 
results of the investigation have been reported in 
this, paper. 
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concentration, the least being at a pH of 8*0 
to 8*5. Hibbard [1935] described a number of 
factors affecting the fixation of phosphate, and 
considers calcium carbonate as a powerful agent 
of fixation. Midgley [1931] has found that super- 
phosphate applied to the surface soil moves very 
slowly with irrigation water. Hockensmith [1923] 
has found a great response to phosphate applica- 
tion at a depth which is favourable for the absorp- 
tion of phosphates by roots. 

Methods OP analysis 

Phosphorus. This was estimated in extracts of 
suitable concentration by the ceruleo-molybdate 
method of Denige as modified by Truog and Meyer, 
using the photoelectric colorimeter for colour 
measurements. 

Available phosphorus. This was determined in 
Way’s 1 per cent citric acid and Truog’s 0*002N 
H2SO4 extract (buffered with ammonium sulphate ). 
Plant analysis. This was carried out according 
to Methods of analysis of the Association of 
Official Ayricultural Chemists, 

' Phosphate status of Punjab soils 
In view of the continued removal of phosphates 
by farm crops from the soils without any corres- 
ponding addition in the form of manures, it becomes 
a matter of great concern to know the comparative 
content of phosphates in the different types of 
soils of the province. Total phosphorus and 
some of the important pedological characters of 
six typical Punjab soils, representing different 
climatic groups is presented in Table I. 

Table I 
Analysis of some 


Place Soil type 


Palampur Hill soil 
(Kangra) 

Rawalpindi Sub-montane 
Lyailpur Alluvial 

Dhimdi Calcareous 


Lyailpur Alluvial 
Dhimdi Calcarec 

Montgomery ‘ Bari * 
Lyailpur Saline 


549 32-8 

1207 366 
811 146 
1434 329 
832 143 


McGeorge and Breazeale [1932] report that the *Total phosphorus estimated by the ^acid hydrofluoric 

native soil phosphates in calcareous soils are of . . 4.* 4...^ u 4. x- -4.1, i 

^ rnn \ t 1 Available phosphorus estimated by extraction with 1 per 

the carbonato-apatite group [SCas (P04)2 CaCOs], cent citric acid. 

whose solubility is a function of hydrogen ion determined with Beckmann’s Glass electrode pH-meter 
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It MU be seen from tbe above data, that the 
quantity of total pbosphorus varies witMn wide 
limits. The Palampur aiid Rawalpindi soils 
contain comparatively mucb less total and avail- 
able phospborus than otliers. TMs deficiency is 
also indicated by tbe results of field experiments 
conducted at Rawalpindi, where the application of 
superphosphate at the rate of 25 lb. P 2 O 5 per 
acre gave an increase of 5 md. of wheat per acre. 
In order to find out whether other mountain and 
sub-montane soils are also deficient in available 
phosphorus, soil samples from the mountainous 
tracts were also analysed for their available 

phosphorus . 

The results of these analyses are presented in 
Table IIA and B. 

Table II A 

Available 'phosphorus content of some more Punjab soils 

Group A ; Mountain and sub-montane regions 

Locality 


Palampur 

Palampur 

Palampur 

Gurdaspur 

fruit garden 

potato farm 

1 potato farm 

50* 

87* ! 

87* , 

64* 


Table TJB 

Amilahle phosphorus content of some mme Punjab soils 
Group B : Central plains 
Locality 


Sheikhiipura 

1 Lahore 

Ferozepur 

Hissar 

236* 1 

1 302* 

216* 

195* 


♦Available phosphorus (parts per million) m iaoie ill, A ar 

Table III A , 

Hcl-soluble phosphate content of two proj 

I ' Percentage in air dry soil 


The above figures indicate that the soils of 
mountain and sub-montane groups are also highly 
deficient in available phosphorus. It may be 
noted that the phosphorus in the soil exists in 
different forms; in acid soils {^H 5* 0-6* 8) phosphorus 
exists in the form of AIPO 4 and FeP 04 , while in 
the neutral and alkaline soils (pH7‘0-8‘5) R is 
present in the form of calcium phosphate Ca 3 (P 04 ) 2 . 
In the former types of soils not only is the total 
phosphorus content less but the iron and aluminum 
phosphates being less soluble, the replenishment 
of the phosphate in the soil solution is compara- 
tively much less which leads to a great phosphorus 
deficiencv. Shedd [1921] has given the limits 
(0*08 to 0-10 per cent total phosphorus) where 
phosphate applications will be useful, and accord- 
ing to him the soils of the mountain and sub- 
montane tracts oT the Punjab fall in the category 
of deficient soils. 

Distribution of phosphorus in the soil profile 
Dunnewald [1929] lias sliowii that in cultivated 
soils the amount of available phosphorus is at its 
maximum in the surface layer and that this 
figure gradually decreases, with increasing depth 
of the soil. It may be noted that his finding offers 
a striking contrast with the distribution of 
potassium in the soil profiles where no such 
variations are observed. In order to see how the 
phosphates are distributed in the cultivated soils 
of the Punjab, samples representing different 
depths of profiles were obtained from some typical 
soils and the amounts of total phosphorus were 
determined in each case. The results are shown 
in Table III, A and B. 

Ill A . 

content of two profiles ■___ 


Soil 

1st 6 in. 1 

2nd 6 in. 

2ft.- 

3 ft. 

4 ft, 1 

5 ft. 

6 ft. 

P 0 

Montgomery normal 

P 0 

Montgomery ‘ bari ’ 

0-164 

0*730 

0*197 

0*690 

0*159 

1*070 

0*185 

0*925 

0*150 

0*570 

0*167 

0*755 

0*141 

0*630 

0*161 

0*855 

0*138 

0*590 

0*141 

0*143 

0*710 

0*134 

0*980 

0-153 

0-725 

0-123 

1 1-000 


Table III B 

AvaihUe phosphorus content of some profiles 


1 ft. 

2 a 

3 ft. " 

4 ft. : V 

5 ft. 

V- 

6 a 

Cultivated 

Ferozepur 265 

Gurdaspur 64 

Montgomery 189 

Uncultivated 

Ferozepur^ 60 

Montgomery 110 i 

Lyallpur 63 

138 

29 

138 

60 

■ : : 108 ^ 

I - 82 ■ 

138 

29 

80 

30 

95 1 

71'-. 1 

22 

29 

36 

25 

82 

62 

Trace 
■ 22 

29 

15 

30 

:■■■■■ 25' 

Trace 

14 

29 

Trace 

18 

.'M2;;- 


\ 
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Tlie results given in the above tables are in 
Ml agreement witli tbose reported by Dunnewald 
[1929]. In the case of both tbe soil profiles, 
viz. normal and ‘ bari tbe amount of total as 
well as available pbospborus decreases with 
increasing depth of soil, the change being more 
pronounced in respect of available phosphorus. 
The distribution of potash behaves in a different 
manner. It is not possible to offer any detailed 
comments on the manner of distribution of these 
two important elements of soil fertility but obvi- 
ously the accumulation of a high percentage of 
phosphorus in the upper layer cannot be due to 
an upward movement of phosphates along with 
other water soluble salts but it may be ascribed 
to the action of growing plants which collect the 
phosphates from the lower layers and, through 
the plant residues after decomposition, they are 
left behind on the surface where they may remain 
bound up with the soil due to its fixing power. 
In the case of potash salts, owing to leaching, the 
amounts present in the lower layer are more. 
In order to throw further light on the above 
assumption a number of samples of cultivated 
and uncultivated soils were obtained from different 
localities in the Punjab and the amount of available 
phosphorus determined in them. The results of 
these analyses are given in Table IV. 

Table IV 

Available 'phosphorus content of adjacent cultivated 
and uncultivated [barren) soils 


Phosphorus (parts per million) 


Soils 

Slieikhu- 

pura 

Lahore 

Feroze- 

pur 

Feroze- 

pur 

Hissar 

Cultivated 

236 

302 

106 

221 

195 

Uncultivated 

101 

146 

53 

36 

123 


In all cases the available phosphorus is higher 
in the cultivated area, inspite of the large amounts 
removed by the crops each year. This must be 
due partly to the above mentioned action of the 
cultivated plant, and partly due to other factors 
such as manuring and cultivation. 

Fixation oapicity of Punjab soils 
Since fixation capacity of soil is an important 
factor in the application of phosphatic fertilizers, 
it was deemed necessary to have some idea of the 
extent and nature of this factor in the case of the 
Punjab soils, since the ultimate use of these ferti- 
lizers must depend on their availability after 
being added to the soil, and the extent to which 
they are in a position to move with the soil 
solution. 


Fixation capacity of some of the typical soils 
were measured by the method of Heck [1934], 
and are reported in Table V. 

Table V 

Fiocation capacity of some Punjab soils 


Place 

Phosphorus 
added (parts 
per million) 

Phosphorus 
in filtrate 
(parts per 
million) 

Percentag 

fixed 

Palampur 

400 

146 

63*5 

Rawalpindi 

400 

320 

20-0 

Lyallpur 

400 

348 

13*0 

Dhundi 

400 

278 

30-5 

Bari 

400 

362 

9*5 

Saline 

400 

312 

1 ■ 

22*0 

Sargodha 

400 

309 

22-7 

Sheikhupura 

400 

336 

16-0 

Lahore 

400 

371 

7*2 

Lahore 

400 

353 

11-7 


Majority of the soils allowed 309 to 371 parts 
of phosphorus out of 400 parts per million to pass 
into the filtrate, only Palampur and Dhundi 
Estate soils allowed 146 and 278 parts respectively. 
Palampur soil has developed under humid climate 
(rainfall about 90 in.) with excessive leaching. It 
contains large amounts of free aluminum and 
ferric oxide which are very reactive in fixing 
phosphates from solution, Dhundi soil, on the 
other hand, is highly calcareous, and possesses 
a high fixing capacity due to the presence of large 
amounts of calcium carbonate. 

The method of measuring fixation is an arbitrary 
one^ as the amount of phosphate fixed depends on 
a number of factors. The effect of two important 
factors namely the concentration of PO 4 in the 
solution, and the presence of CaCOs in the soil 
were further investigated. For this study 7*5 gm. 
of each of the three soils (Palampur, Rawalpindi 
and Lyallpur) were taken and increasing quantities 
of phosphorus were added in the form of H 3 PO 4 
to each, keeping the volume the same in all 
cases (50 c.c.) The suspensions were shaken 
dccasionally for 24 hours, after which they were 
filtered and phosphorus determined in the filtrate. 
The amounts of phosphorus fixed for each concen- 
tration are graphically represented in the Fig. 1. 
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The actual amoimt fixed as also the percentage of 
the total added are shown in Table VI. 



Fig. 1. Phosphorus fixation in different Punjab soils 


Table VI 

Percentage fixation of phosphorus with increasing 
concentration of phosphate solution 


Phosphorus fixed 


Phosphorus 

added 

(milliequi- 

valents) 

Palampur 

Rawalpindi 

Lyallpur 

. . « ' , i 

, ® , 

cr^ 

0 

Percentage 

equivalents 

Percentage 

MUi- 

equivalents 

Percentage 

1-946 

1*153 

59-3 

0*334 

1 17*1 

' 0*012 

1 6*20 

3-892 

2*092 

53*7 

0*843 

21*7 

0*246 

; 6*32 

S-838 

2*687 

46*6 

1*272 

21*8 

0*066 

■ 1*13 

7-784 

3*104 

39*9 

1*492 

! 19*2 

-0*057 

'-0*73 

9-730 

3*360 

38*5 

1*644 

16*8 

-0*202 

-2*08 

11-676 

2*885 

24*6 

1*653 

14*2 

0*024 

0*21 

— -ft. 


these cases goes on increasing up to a certain limit 
beyond which it begins to fall. In the case of 
Lyallpur soil when the amount of phosphorus added 
is more the fixation becomes even negative. It may 
be remarked that these results agree with those 
obtained by Ravikovitsch [1934]. The percentage 
of phosphorus fixed however varies indirectly, i.e. 
with increasing concentrations, the percentage of 
phosphorus fixed goes on decreasing. 

Since most of the arid and semi-arid soils in 
the Punjab contain varying amounts of CaCOs, 
the effect of this substance on their fixation power 
was also studied. A series of soils containing 
varying amounts of CaCOg was prepared by mixing 
requisite quantities of calcium carbonate. The 
soils were then wetted to optimum moisture 
content and left for 48 hours. They were then 
dried, pulverized and used for the estimation of 
the fixation power ' as before, adding increasing 
quantities of phosphorus in the form of a standard 
solution of H 3 PG 4 . The data are graphically 
presented in Fig. 2. It shows that the fixation 
power of the soil is largely affected by calcium 
carbonate and bears reiationship with the amount 
of phosphorus added, it being less at lower concen- 
trations but pronounced when higher concentra- 
tions are involved. 



These figures also show that Palampur soil 
possesses the highest phosphorus fixation capacity, 
and the amount of phosphorus actually fiied in 


MILL! EQUIVALENTS OF P. APPLIED 

Fig. 2. Effect of calcium carbonate on phosphorus fixation 
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, , Phosphate penetbation 

Since soil acts as a powerful adsorbing agent for 
PO 4 . ions, and fiirtlier under field conditions the 
dose of pliospliatic fertilizers is comparatively 
low as compared witli tliat used in the experiment 
described above, it would be expected that large 
proportion of the added phosphate would be 
absorbed, and made immobile. Under these 
circumstances movement of phosphate would be 
restricted. In order to study the penetration of 
phosphate when applied as a top dressing, the 
following experiment was arranged. 


Table VII 


Penetration of suferfhosjpliate through Lyallfur soil 


Weight of soil used 
(Approximate height 
of column) 

100 gm. 
3 in. 

200 gm. 
6 in. 

300 gm. 
9 in. 

100 gm. 
sand 

3 in. 

Fractions 




60* 

1 st 100 cc. 

14* 

5* 

3* 

2 nd 100 cc. 

3-5* 

3* 

3* 

60* 

3rd 100 cc. 

3*0* 

3* 

3* 

60* 

Calculated percentage 
of total superphos- 
phate moved with 

6 in, irrigation 

3*75 

0-75 

0-22 

' 28'0 


I 

I 


.A 



-•si- 


A series of brass percolation tubes was fitted 
with wire gauze, filter paper and a layer of sand at 
the bottom, as shown in Fig. 3. Into these tubes, 
soil in varying amounts was uniformly packed in 
order to give columns of different heights. Super- 
phosphate, O’ 02 gm., was sprinkled on the surface 
as top dressing. Distilled water corresponding to 
6 in. irrigation was added on the top and allowed 
to percolate, the water filtering through was 
collected in various fractions and P 2 O 5 content 
estimated by the colorimetric method. The 
results are shown in Table YIL 


^Concentrations of phosphorus in leachings 
(colorimetric readings) 

From the above data it appears that the percen- 
tage of super phosphate moving through different 
layers of soil. with a 6 in. irrigation is very small, 
decreasing considerably as the column of soil 
increases in thickness. The first 100 c.c. fraction 
in the case of 3 in. layer had a much higher concen- 
tration than others, but in later fractions the 
concentration was the same in all cases thus 
indicating that the higher concentration in the 
first fraction of the 3 in. layer is mainly due to 
initial infiltration of fertilizer particles which ceases 
afterwards. That this resistance to penetration 
through soil is due to the colloidal nature is proved 
by comparing the above results with those obtained 
in the case of sand. These data lead to the obvious 
conclusion that since phosphatic manures do not 
move much with irrigation water, they should 
best be applied at a depth most suited for absorp- 
tion by the roots. 

Pot expebiments 

Dejpth of af plication and crof response 

Phosphatic fertilizers are known to influence 
plants in the better development of the root 
system, better grain formation, earlier maturity 
resulting in increased yields. The effects produced 
are, however, proportionate to the phosphate 
deficiency in the soil. Field experiment with the 
application of phosphatic manures to the Punjab 
soils have however shown that generally speaking 
the soils of the Punjab plains do not respond to an 
application of phosphatic manures. The only 
cases in which certain response was observed, 
related to soils of the sub-montane tracts of 
Eawalpindi and Gurdaspur. As already mentioned, 
this latter group of soils also appears to be deficient 
according to the laboratory tests ; the former 
group however does not fall into this category. 
It may be pointed out that in the field experiments 
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fertilizer was used as a top dressing in small doses. 
Kellog [1931] also states that calcareous soils 
such as are found in arid and semi-arid regions, and 
apparently possess a high content of phosphorus 
do not respond to low doses. Norris [1922], 
working on Madras soils also observed that in- 
creased yields were obtained only after continuous 
manuring with phosphates. These findings point 
to the necessity of supplying higher doses of 
phosphates to the Punjab soils. Besides, it has 
already been remarked that phosphates applied 
to the soil as top dressing do not penetrate into 
the subsoil to any appreciable extent. Therefore, 
a series of pot experiments on two types of soil 
using two different crops, was designed to test 
the availability of phosphates when applied in 
high doses, and to find out the most suitable depths 
at which these manures would be most effective. 

Seheme of pot experiments 

In the following series of experiments a uniform 
procedure was followed. 3,000 gm. of air dried, 
and sieved soil was packed in cylindrical glass pots 
13 in. high and provided with a tubular at the base 
for aeration. The fertilizer was applied fco these 
pots at varying depths in known quantities. 
Throughout the experiment the moisture percent- 
age in each pot was maintained at a uniform 


level, the initial watering being done on the basis 
of the moisture equivalent of the soil. Tomato 
or wheat seedlings were transplanted into these 
pots. A record of growth measurements such as 
height, number of tillers, date of fruiting, etc. 
was kept for each pot. At the stage of maturity 
the plants were removed from the base, their 
green weights and oven dry weights being recorded. 

Rawalpindi soil. The experiment was started 
on 21-10-43, using tomato as a test crop which 
according to Fisher [1935] is very sei^,sitive to 
phosphatic manures. Single superphosphate at 
the rate of 400 lb. per acre, was applied and the 
following treatments were included, each being 
in three replicates : 

(1) Control 

(2) Application at the surface 

(3) Application at 3 in. depth 

(4) Application at 5 in. depth 

(5) Application at 7 in. depth 

Only two plants were allowed to grow in each 
pot, and on the ripening of the fruits they were 
harvested on 27-1-44. A photograph was also 
taken depicting their comparative growth at 
maturity (Plate YI, fig. 1). The green weight of 
each plant was determined, the weight of the 
fruit was also ascertained separately. The summary 
of the data is presented in Table VIII. 


Table VIII 

Growth, yield and analysis of tomato crop from pot experiments with Rawalpindi soil 


Treatments 


Control 


Surface application 


3-in. depth 


5-ia. depth 


7-in. depth 



. ■ , 1 




Oven-dry 

Percentage 

Height of plants in cm. 

Green wt. 

Total wt. 


wt. of 

of 



of plants in 

of treated 

Wt. of fruit 

treated 

P.Oj in 

Plant No. 1 

Plant No. 2 

gm. 

plants in 

in gm. 

plants in 

oven-dry 




gm. 


gm. 

material 

23*0 

16'5 

8*0 





24*0 

18-5 

10-8 

39*0 

nil 

4*963 

0-654 

16*0 

30-5 

20-2 





41*5 

40-5 

29-1 





28-0 

41-5 

29*4 

84*2 

6*2 

11*995 

0*490 

32-0 

33*5 , 

25*7 





30-5 

36-0 

50*2 





32-0 

42-0 

24*0 

116*2 

19*7 

17*991 

0*543 

36-5 

41-0 

42*0 





47-0 

46-0 

50*0 





41*0 1 

390 

370 

150*0 

5*0 

19 812 

0*458 

38-0 

43 0 

43*0 





30*0 

330 

29*8 





21-0 

i 29-0 

33*0 

94*2 

nil 

12*753 

0*464 

24*0 

i 31*0 

31*4 






TotalPflOg 


It was observed that in the case of control observation that phosphate-starved barley plants 
pots, the tomato plants almost invariably showed grown in water cultures develop a reddish 
a peculiar purple coloration on the lower side of colour on the stems and a sickly purple in the 
the leaves. Cunningham [1922] made a similar leaves. 


PHOSPHATE STtJBIES OH THE PITHTAB SOILS 


The yield data shows tliat though sarface 
application gi\w air inorease m the yield of dry 
matter over the coiitioI> yet this increase is much 
less than the increase obtained with applications - 
at 3 in. and 5 in. depths. Besides, the fruit forma - 
tion is also the best in the case of application at 
3 in. depth. The figures show that the nnmaniired 
plants contain the highest percentage of P 2 O 5 , 
yet the total quantity of P 2 O 5 removed by the 
plants was higher in the case of 3 in. and 5 in. 
depths. 

LyaU;pur soil. The experiment was conducted 
on the same lines as that with the Eawalpindi 


soil. The application of nianures was made at 
the surface, at 2 |- in., 4| in. and 6 | in. depths. 
Instead of tomato the experiments were conducted 
with wheat. The method followed was the same 
as in the previous experiment. Two plants were 
kept as in the previous experiment. Seedlings 
were planted on 23-12-43, and the mature crop 
was harvested on 24-4-44. After the fresh and 
oven dry weights of the plant material had been 
recorded, the plant material was ashed and 
analysed for insoluble residue, calcium and 
phosphorus. , The powth data and the results of 
analysis are given in Tables IX and X, 


Table IX 


Treatment 

Average height 
per tiller in cm. 

TVo. of tinora 

Green wt. per 

Dry wt. per treatment 

Grain/straw 





Grain 

Straw 


Control 

66*5 

16 

395 

12*85 

15*70 

0*819 

Surface 

61*5 

16 

41*1 

13*37 

16*40 

0*815 

in. depth 

' 61-9 

18 

46-8 1 

16*60 

17*25 

0*962 

in. depth 

60*5 

17 

43*2 

14*77 

16*60 

0*890 

6| in. depth 

58*5 j 

16 

41-5 

14*30 

16*40 

0*872 


Table X 

Proximate analysis of grain and straw of wheat from the pot experiments with Lyallpur soil 



Treatment 


Percentage on 

oven-dry material 


Comparative yields 



Insoluble 

' 







Ash 

residue 

P.0,, 

CaO 

Grain 

Straw 

Control 

Grain 

1*64 

0*30 

0*654 

0*113 

100 

100 


Straw 

9*06 

4*68 

0*047 

0*489 



Surface 

Grain 

1*73 

0*15 

0*800 - 

0*084 

104 

104 


Straw 

8*65 

4*55 

0*062 

0*492 



2J in. depth 

Grain 

1*78 

0*18 

0*944 

0*115 

129 

110 


Straw 

9*37 

4*92 

0*081 

0*688 



4|- in. depth 

Grain 

1*71 

0*16 

0*924 

0*121 

115 

106 


Straw 

8*35 

4*24 

0*078 

0*516 



6-|- in. depth 

Grain 

1*82 

0*17 

0*858 

0*110 

111 

105 

Straw 

8*44 

4*62 

0*066 

0*492 




It is clear from the data that application of 
^.-superphosphate has produced an increase of yield 
in all cases, and has also increased the phosphate 
content of the plants. As already observed the 
surface application has also responded, but the 
response is much less than that obtained with 
deeper applications. The main points are 
summarized below : 

1. Average height of tillers has been increased 
over controls in all cases of phosphate application, 
2 | in. depth producing the highest tillers. In other 


cases the height of tillers decreased with the 
increasing depth of application. This can be 
judged from the photograph of the pots (Plate VI, 
fig. 2 ). 

2 . Application at a depth of 2 |- in. gave a 29 
per cent increase of grain over the control, but 
only a ten per cent increase in the case of straw. 
Grain to straw ratio becomes much higher in 
the ease of 2 |- in. depth than in other cases. 

3. Application of superphosphate has greatly 
increased the percentage of P 2 O 5 in the grain, 
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n the, phosphorus shows that the surface layer contains 
the maximum amount of phosphorus, both total 
and available, and that these amounts decrease 
with increasing depths. ^ 

fact fixation capacity of different soils varies 

led by nature of soil and the amount of CaCOg 

.pad of present. y „ 

ally in experiments both with calcareous and 

that non-calcareous soils have shown that application 
UP in of phosphate at a depth of 2| in. to 4| in. gives a 
layers better response than the surface application. 
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PLATE VI 





Fig, 

1. Control: 


Fio^. 1. Effect of piLOsphate placement in Eawalpindi soil. 
1. Control ; 2. Snrface application ; 3. Application at 3 in. ; 

5. Application at 7 in. 


Crop : Tomato. 

4. Application at 5 in. ; 


2. Effect of phosphate placement in Lyallpnr soil. 
2, Snrface application ; 3. Application at 2|- in. ; 

5. Application at 6|- in. 


Crop : Wheat. 

4. Application at 4f in. ; 











CHEMICAL EXAMINATION Of THE SEEDS Of TAMARINDVS INDIGA 

By Eaj Naeain and Sikhibhushan Dutt, Giemical Laboratory, University of Delhi 
(Received for publication on 28 March 1945) 

(With Plate VH) 


TAMARiNDUS indiGa or the Tamarind tree is a 
large deciduous tree that is found throughout India 
both in the wild and the cultivated state. It is 
a handsome ever-green tree with large spreading 
branches and slender leaves, often growing to a 
height of 70 to 80 ft. It is often cultivated as a 
road side tree for its cool shade, but the well 
known fruit pods of the plant, with their delicate 
acid flavour, are its most commercially valuable 
products. 

According to Dymock [1893], the fruit is an oblong 
or linear oblong, slightly compressed, curved or 
‘ nearly straight pendulous legume, of the thickness 
of the finger, 3 to 6 in. in length, supported by a 
woody stock. It has a thin but hard and brittle 
outer shell or epicarp which does not split into 
valves .or exhibit any evident sutures. Within 
the epicarp is a firm, acid juicy pulp, on the 
surface of which, and starting from the stalk, are 
ramifying nerves ; one of these extends along the 
L dorsel or concave edge, two others on either 
side of the ventral or convex edge, while between 
these two there are usually 2 to 3 or 4 less regular 
and more slender nerves all running towards the 
apex and throwing out branching filaments. The 
seeds are 4 to 12 in number and are enclosed in 
a tough membraneous covering, surrounded by 
the pulp. 

The Indian commercial article forms a firm black 
sticky mass. With the pulp are mixed the seeds, 
fibres and a small fragment of the shell. It is 
usually salted but for pharmaceutical purposes 
it should be free from salt. 

The preserved pulp of the tamarind fruit is 
officinal in the British Pharmacopoea. It consists 
of a reddish brown sugary mass enclosing the stringy 
fibres founded within the pulp and the seeds en- 
closed in a tough membraneous coat. A corres- 
ponding product often occurs in India as a black 
solid mass of the pulp, more or less free from the 
fibres and husk, pressed into round cakes and 
preserved with salt. 

Tamarind pulp contains large quantity of sugar 
and organic acids like acetic, citric and praticularly 
tartaric acid which latter it contains often to the 
extent of 6 to 8 per cent. The tartaric acid 
present is partly free and partly in combination 
with potassium in the form of potassium hydrogen 
tartarate or cream of tartar. No particular 
principle to which the laxative action of tamarind 
is due is known. 

The seeds of the tamarind fruit are small dark 
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brown glossy nuts often rectangular in shape but 
rarely oval or round. They are about 12- 
15 mm. in length, 8-12 mm. wide and 3-5 mm. 
in thickness. The outer facets are slightly convex. 
The pericarp consists of a hard shell or covering 
enclosing a hard white kernel. The seeds are said 
to have good astringent properties. They are 
applied as poultice to boils after being boiled. The 
seeds are also crushed and pounded with water 
and applied to the crown of the head in cough and 
relaxation of the uvula. 

The seeds, boiled or fried after removal of the 
outer skin, are also eaten by poor people in 
Malabar, Madras, Andhra, Bengal and Central 
Provinces particularly in times of a scarcity. 
Cameron [1894] mentions a cement or paste as 
made from the seeds which is used in dressing 
country-made blankets. In Central Provinces 
and Madras the seeds after frying and removal 
of the outer husk are ground to a flour in hand 
driven stone mills, and the products used in the 
same way as flour or ata from wheat or maize. 
It is stated that a number of sweetmeats are also 
made out of the preparation. According to 
Yunani medicine, the seeds are astringent, 
aphrodisiac, useful in giddiness and vertigo 
and applied externally in liver complaints and 
inflammation. They are also used in diarrhoea. 

In view of the medicinal importance of the seeds 
it is very desirable that their chemical composi- 
tion should be known with certainty. The first 
chemical examination of the seeds was done by 
Ghosh and Krishna [1942], who found that tamarind 
seeds consists of 55 per cent of kernels and 45 per 
cent of testa. The kernels on being analysed 
were found to contain : 

Moisture . . 10* 20 gm. per cent 

Albuminoids . . 15*40 „ 

Oil . . 6*4 „ 

Crude fibre . . 5*0 „ 

Sugars . , 2*9 „ 

Tannins .. 1*6 „ 

Pectins . . 58*5 ,, 

Ash . , 2*5 


In the same paper, Ghosh and Krishna made 
the most sensational announcement that the 
tamarind seed is a very rich source of commercial 
pectin, containing as it does nearly 64 per cent 
of this material in the dry weight of the kernel 
which can be easily extracted on a commercial 







scale by following simple methods. They also 
showed that the pectin isolated in this way was 
quite pure, as it formed a stiff jelly when 1*6 gm. 
of the material was boiled with 65 gm. of sugar 
and 1 gm. of citric acid in 100 c.c. of water. The 
jelly did not break or run even when kept standing 
for over a month under proper sterile conditions. 

In reviewing the work of the above authors, 
regarding the percentage of pectin in tamarind seed 
the present authors were surprized to note that 
whereas according to the analysis of G-hosh and 
Krishna, the percentage of pectin in the seeds was 
as high as 58*5, that of moisture was only 10*2. 
This is ir^ost extraordinary and yet unknown in 
the vegetable kingdom. For pectin is a substance 
like gelatin or agar-agar which is capable of retain- 
ing a large amount of moisture, and in nature 
pectin is always associated in fruits and vegetables 
with a large amount of moisture which is generally 
never less than 70 per cent of the total weight of 
the fruit or vegetable as shown in Table I. 

Table I 

Water and pectin contents of fruits or vegetables 



Percentage 

Percentage of 

Fruit or vegetable 

of moisture 

pectin as calcium 


(gm.) 

pectate (gm.) 

Apple {P^rus malm) 

87 

l-5-2'5 

Lemon pulp {Gitrus medico) 

85 

2-5-4-0 

Lemon peel „ „ 

77 

.3*6-3'8 

Orange ^viS?g(Qitrmaura7vtia) 

85 

3-5-5-5 

Orange peel „ „ 

76 

. 3*5-4'2 

Beet-root {Beta vulgaris) 

92 

1*0 

Carrot {Daucus carota) 

93 

0*62 

Onion {Allium cepa) 

92 

1-1-2-2 

Leaves (various kinds) 

70-87 

0*6-l*2 


Singh and Dutt [1941] working on the formation 
of jellies from Indian fruits have also shown that 
pectin yielding Indian fruits also contain a large 
amount of moisture as shown in Table II. 

Table II 

Moisture and pectin contents of some Indian fruits 

♦ Percentage! Percentage of 

Pruit of Moisture pectin as calcium 



(gm.) 

pectate (gm.) 

Wood apple, (Froma dephantum) 

71*8 

3*95 

Guava {Psidium guava) 

78-8 

1-44 

Karaunda {Carissa carandas) 
Eoselle— {Hibiscus Sabdarijfa) 

89*0 

1*23 

Calyx 

88-2 

3*19 

Entire fruit 

82-66 

2*48 

Fruit only 

76*4 

1-02 

Orange {Citrus nohilis) 

88*6 

1*2 

Lemon {Gitrus Umormm) 

85*08 

2*76 

Jujube {her) {Zizyphm jitjuha) 

80*01 

1*45 

Banana {Musa paradisca) 

73*6 

1*19 

Bel . - {Aegle marmelos) 
Cape 

gooseberry [Physalis peruviana ) 

68*8 

2*03 

83*8 

0*75 


Further survey of the pectin yielding materials 
from the vegetable kingdom indicated that pectins 
are always found in soft tissues of the plant like 
fruits and stems and pulpy roots and tubers and 
has never been known to occur in hard tissues 
like wood or seeds. This is nothing to be wondered 
at in view of the great water retaining capacity 
of vegetable pectins and their essentially slimy or 
^ pectinous ’ nature. Hence Ghosh and Krishna’s 
discovery of 68*8 per cent of pectin in the fresh seeds 
of tamarind must come as a surprize to people 
acquainted with the occurrence and nature of pect- 
ins and pectic substances in general. In fact the 
discovery was so revolutionary in character and 
scope, that the present authors were prompted to 
re-examine the problem and subject the work of 
Ghosh and Krishna to very careful scrutiny. 

On going through the analytical figures of Ghosh 
and Krishna regarding the fresh seed of tamarind, ■ 
the present authors were surprized to find that 
the figures which carry the constituents up to 
102*5 per cent, did not have any reference to starch 
at all in the material. A seed without starch is 
like an animal without protein, definitely unthink- 
able. Starch is absolutely essential for the growth 
of the germ cell and the young plant in the initial 
stages of its life and there is no seed known which 
is free from starch. Hence Ghosh and Krishna’s 
analysis of tamarind seed as containing no starch 
must be regarded as positively erroneous. Even 
qualitative examination of the tamarind seeds, as 
we have found by actual experiment by extracting 
the powdered seeds with hot water and adding 
iodine solution to the cooled extract, gives a 
copious indication of the presence of starch by the 
intense blue colour that is produced. The intensity 
. of the blue colouration that is thus produced with 
iodine is so great that it is quite reasonable to 
assume the presence of large quantities of starch 
in tamarind seeds, and this is not inconsistent with 
the agelong custom that has been prevailing in 
various parts of India of using these seeds as food 
materials. In fact from reports that the present 
authors have been able to get regarding the value 
of the seeds as food material, it seems quite apparent 
that they are used in the same way as starchy 
cereals like rice, wheat or maize, i.e. staple foods 
with similar nourishing qualities. 

From what has been stated above it seems quite-- 
clear that tamarind seeds must contain large 
quantities of starch which Ghosh and Krishna 
have entirely missed in their analysis, and that it 
is quite unlikely that they should contain such a 
high percentage of pectin as 58*5. Besides 
the method of estimation of pectin as adopted 
by Ghosh and Krishna, namely alcohol precipita- 
tion method, has been shown to be definitely 
erroneous by a number of authors like Hinton 
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[1940], Allen [1937] and others wlio have pointed 
out that alcohol precipitates not only pectins but 
many other substances like albuminoids, starches, 
organic acids, gums and mucilages, thus making 
this process of extraction entirely worthless, 
particularly where pectins are associated with 
such materials.^' According to most well known 
authors the quantitative estimation of pectin can 
be best carried on by the method of Emmett and 
Carre [1926] as modified by Nanji and Norman 
[1928] in which the pectic substances present in 
any plant material are converted into calcium 
pectate and estimated as such. By following this 
method the present authors tried to estimate the 
amount of pectin present in tamarind seeds, but to 
their great surprize they found that they contained 
no pectin at all, as no precipitate of calcium pectate 
could be obtained under any circumstances. 

According to Meyers and Baker [1934] pectin 
in the unhydrolysed condition is mono-arabino- 
mono-gaiacto-diacetylhepta-methoxyl-octagalactu- 
ronic acid. The nucleons of the pectin molecule 
is oota’-galacturonic acid most likely formed by 
the union of two molecules of tetra-galacturonic 
acid with the elimination of one molecule of water. 
The tetra acid is most likely formed into a ring 
compound by the combination of four molecules 
of galacturonic acid with the elimination of four 
molecules of water. Seven of the eight carboxyl 
groups of the octa-galacturonic acid are methylated, 
and the other one is free. On this basis, the 
empirical formula for pectin would be C70 Hgg O58 
with a molecular weight of 1,866,784. 

Further, Baker and Goodwin [1939] while 
reviewing the work of various authors have stated 
that ' Present opinion definitely favours the 
assumption that pectin is a chain compound 
composed of galacturonic acid groups. In this 
chain compound the carboxyl groups are 75 per 
cent methylated (1T92 per cent GH3O) and the 
position of the free carboxyl is arbitrary The 
constitution of pectins has been fully dealt with 
by Hinton [1940]. All these show that pectin 
should contain methoxy groups which can be 
easily estimated by ZeisseFs method.* A determina- 
tion of methoxy .groups by the ZeisseFs method 
also gave negative results, showing the complete 


* According to Allen’s Commercial Analysis and Hinton’s 
Fruit Pectins, the estimation of pectio substances as calcium 
pectate, a method first introduced by Carre and Haynes 
[1922] forms the only satisfactory process for the accurate 
determination of these substances. Calcium pectate is 
insoluble even in extreme dilution and is a substance of 
definite composition into which all pectins are readily con- 
verted. Its insolubility in dilute acetic acid allows the 
removal of the calcium salts of all organic acids commonly 
met with in plant products except oxalic acid [Allen, 1937]. 
A detailed method for estimating pectin as calcium pectate 
has been mentioned by Hinton [1940]. 


absence of pectin in tamarind seeds. It seems 
therefore quite apparent that Ghosh and Krishna 
must have mistaken the larger amount of starch 
present in tamarind seeds to be pectin. It is a 
pity that they hastily announced their erroneous 
discovery to the public without taking trouble 
to make sure of their grounds by accurate experi- 
mentation. 

The jellies which Ghosh and Krishna obtained 
with tamarind seed are undoubtedly starch jels. 
It is a well known fact that many varieties of 
starch have extraordinary power of jeliification, 
specially in presence of sugars and several varieties 
of sweetmeats are commonly prepared in this way 
by hahmies all over the country. Properly made 
jellies prepared from pectin are very durable and 
remain firm for years under ordinary conditions 
of storage whereas starch jellies last only for a 
few days unless they are kept under aseptic 
conditions. It is significant that Ghosh and 
Krishna have mentioned that the jellies prepared 
by them from tamarind seeds remain firm for a 
month only under proper sterile conditions. 

Still another error which Ghosh and Krishna 
apparently made was in the estimation of the 
proportion of testa and kernel in the seeds. They 
have given the figures of 45 per cent of testa and 
65 per cent of kernel whereas we actually found 
that the proportions were 30 per cent and 70 per 
cent respectively. 

Experimental 



Tamarind seeds were collected from the local 
market and they were well washed, cleaned and 
dried in air. The testa and kernel in the seeds 
were estimated by the usual methods and were 
found to be 30’22 and 69*78 per cent respectively. 
The moisture in the kernel was estimated by 
heating a weighed amount of powdered kernel in 
an air oven at 40®C. for 2 hours and then at 80°C, 
for two hours and afterwards at 110®C. till a 
constant weight was obtained. The loss of weight 
represented moisture which was 10' 2 per cent as 
an average of a few readings. For estimating pectin 
a number of experiments were carried out as 
stated above both for getting pectin as calcium 
pectate and methoxy group by Zeissel’s method 
but there was no pectin. 

Estimation affixed oil 

It was done by extracting the seed powder in 
a Soxhlet apparatus with petroleum ether (boiling 
dC^-fiO^C.). The fixed oil was found to be 6*8 
per cent as an average of two estimations. 

Estimation of albuminoids 

They were determined by estimating the per- 
centage of nitrogen by KjeldahFs method in the 
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seed powdet and multiplying the figure with the 
factor 6*4. Our result is 20*12 per cent as an 
average of three estimations while it is 15*4 per 
cent in Ghosh and Krishna’s paper. 

Reducing sugars 

Reducing sugars were estimated by extracting 
a weighed quantity of the powdered kernel with 
water and titrating with standard Fehling’s 
solution. The result was 2*8 per cent estimated 
in terms of glucose as an average of two estima- 
tions. 

Crude fibres 

Fibre was estimated according to the method 
given by Allen [1937]. It was found to be 2*4 
per cent. 

Ash 

Estimated by incinerating a weighed quantity 
of the powdered kernel in a silica crucible until 
a constant weight was obtained. It was found to 
be 2*45 per cent. 

Tannin 

As no tannin could be detected in the powdered 
kernel by qualitative examination the question 
of estimation did not arise. 

Determination of starch 

Starch was estimated both by hydrolytic and 
non-hydrolytic methods. Hydrolysis with enzymes 
could be done only with malt-diastase. As 
Taka diastase which can hydrolyse both o(- and 
/3- starches easily to maltose and dextrin was not 
available in the market, malt diastase had to 
be employed. Fresh samples of this diastase 
were prepared in the laboratory as men- 
tioned by Onslow [1929] and they differed in 
their activity as time for complete hydrolysis 
was quite different in each of the samples. 
O’Sullivan’s method [Allen 1937] for the estimation 
of starch was used for diastatic hydrolysis but 
generally hydrolysis was not complete as starch 
is hydrolysed by malt diastase only under optimum 
pH condition which could not be obtained in 
every case. In some cases the hydrolysis was very 
quick and with a very active sample of diastase 
the hydrolysis was complete in* an incubator 
running at 38°C. within 24 hours. Normally 
diastase required about three days for changing 
the starch completely to reducing sugars. Maltose 
was estimated by Fehling’s solution and dextrin 
calculated from the rotation of the solution in a 
polarimeter. Results obtained by this method 
gave starch up to 50 per cent. The result was 
less by 14-15 per cent malt as diastase is not the 
proper enyzyme like Taka diastase for completely 
hydrolysing starch. There ds another objection 


to using eiiyzymes as they introduce simultaneously 
bacterial contaminations and the necessity for a 
secondary conversion of the residual dextrins, 
which require considerable time. Allen [1937] 
also mentions that the results obtained by 
Sullivan’s methods are 12-13 per cent lower than 
the actual value. The high content of albuminoids 
present in the seed was mainly responsible for the 
difficulties encountered in the estimation of starch. 
Filtering difficulties could only be overcome by 
filtering through an acid- washed layer , of sand. 
Till the time starch and albuminoids were present 
it was most difficult to filter through a filter paper. 

Acid hydrolysis [Scott, 1939] gave the exact 
result. In this method a few gm. of the seed 
powder (80-100 mash sieve) were taken in a round 
bottomed flask, 200 ml. of water and 5 ml. of 
glacial acetic acid were added. The flask was 
connected to a reflux condenser and the contents 
boiled for 1| hours. Afterwards 15 ml. of con- 
centrated Hcl were added and the mixture boiled 
under reflux for a certain period. Starch was 
changed to reducing sugars. After neutralizing 
the acid with sodium carbonate the reducing sugars 
were estimated either by direct titration with 
standard Fehling’s solution or indirectly by 
Bertrand’s method wherein the equivalent starch 
was easy to calculate as one ml. of N/30 KMn 04 
is equivalent to 0*0011 gm. of starch. In cases 
where the amount of glucose or reducing sugar 
was obtained by direct titration, the glucose figure 
was multiplied with 0*93 for getting the equivalent 
amount of starch. About acid hydrolysis a very 
important fact is necessary to mention. When 
the mixture was refluxed with the acid for half 
an hour the percentage of starch obtained was 
near about 47 per cent. After two hours heating 
with acid the result was 53-55 per cent. A number 
of experiments had to be carried out to get the 
maximum value. After about 8 hours of heating 
65 per cent of starch was obtained. In some 
experiments the solution was heated for a greater 
time uptil a maximum of about 15 hours but the 
result did not exceed more than 65 per cent in 
these cases. Acid hydrolysis needed sufficient 
time for complete hydrolysis but it seemed to be 
the most accurate method. 

In non-hydrolytic methods starch is dissolved in 
a , solvent and then recovered and weighed or 
precipitated from the solvent in the form of a 
derivative. Starch dissolves in aquous NaOH and 
then precipitated by alcohol as starch is insoluble 
in alcoholic NaOH. Baumert and Bode’s modi- 
fications as mentioned by Allen [1937] was used 
for this purpose. Another method used by 
Rask [1927, 1928, 1930] in America was used for 
this purpose. It is a very rapid method for 
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estimating stareli in grains but it seems to fail 
iijL those cases where albuminoids are more than 
12-13 per cent due to the filtration difficulties. The 
principle used is the same alcoholic precipitation 
but all the solutions of starch in concentrated acid 
could not be filtered even under suction and for 
that purpose acid- washed sand had to be used. 
But as this did not give such a clear filtrate as that 
obtained by suction, the results were not consistent. 
Filtrate obtained either by suction or sand could 
not give a compact precipitate with alcohol. The 
precipitate was jelly like and could not be obtained 
in a compact form by any way. With the filtrates 
obtained by suction, results obtained were only 
up to 4:0 per cent. Some more work is needed on 
Bask’s method for avoiding the various difficulties 
in this particular grain. 

Modification of Eask’s method as used by 
Herd and Kent- Jones [1934] as mentioned, 
by Eadley [194:3] was also used wherein a centri- 
fuge was employed every time, but here again the 
precipitate was of a jelly form and as no compact 
mass could be obtained the results were not con- 
sistent. 

Micr&scopical examination 

$i Fine powder (100 mash) of the seeds was 
examined under a microscope and the starch 
granules were clearly seen. Micro-photographs 
were taken both with ordinary and with 
polarized light. (Plate VII, figs. 1 and 2) Starch 
granules are not only oval buf of a few other 
shapes as well. A cross section of the seed was 
then prepared for examination by following an 
elaborate procedure consisting of softening 
the kernel, its dehydration and subsequent 
impregnation with wax according to well known 
methods used by botanists. This procedure was 
found necessary as on account of the hardness of 
the kernel and its very brittle nature, a section 
by hand microtome was not possible. Sections of 
about 5 [i thickness were obtained by a mechanical 
microtome and a micro-photograph (Plate VII, fig. 3) 
of one such section is appended herewith which 
shows clearly the starch granules in cells. Another 
section was stained very lightly with iodine and 
micro-photographed (Plate VII, fig. 4). The dark 
particles, representing the starch granules on which 

' ' iodine has acted forming the deep blue iodine- 
starch compound, are embedded in the cells. The 
magnification employed in all these cases was 
about 350 diameters. 


Summary 

Tamarind seeds have been chemically analysed 
and, contrary to Ghosh and Krishna’s result, it 
has now been definitely ascertained that they do 
not contain any pectin at all. The 64*4 per cent 
of pectin found by Ghosh and Krishna is really 
starch which they have mistaken for pectin. The 
complete analysis of the kernel of dry tamarind 
seeds as determined by the present authors is 
given below : 


Starch 

65-20 

gm. per cent 

Albuminoids 

. . 20- 12 


Oil 

6-80 

99 93 

Eeducing sugar 

.. 2-80 

99 99 39 

Crude fibre 

.. 2*43 

99 99 39 

Ash 

.. 2*45 

93 99 99 

Total 

.. 99-80 



From the above it is easily seen that tamarind 
seeds contain a large percentage of starch and 
albuminoids and as such would constitute, if 
properly processed and manufactured, a very 
important staple food comparing favourably in 
food value with wheat and maize. 
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One of the special features of the Bangalore 
process of composting is the utilization of the 
agency of earth for preventing losses of nitrogen 
and obtaining increased yields of humified organic 
manure [Acharya, 1939, 1944], The beneficial 
effect of an earth cover in the preparation of 
composts has been reported upon by Hutchinson 
[1916] and Ayyar [1928, 1933] ; and earth, in the 
form of canal mud has been used for centuries by 
the Chinese in building up their composts [King, 
1926], But it must be admitted that the use of 
earth in the above cases appears to have been 
based mainly on empirical experience and observa- 
tions on a field scale, rather than on any systematic 
experiments carried out to test the point under 
controlled laboratory conditions. Further, the 
influence of earth on carbon economy during 
composting does not appear to have received any 
attention so far. 

It was therefore considered advisable to carry 
out comparative trials on a laboratory scale under 
controlled conditions so as to examine the influence 
of addition of earth on the composting process. 
The trials have now been repeated over three 
seasons and they have yielded similar results in all 
the three seasons. Typical results obtained in 
one batch of trials are reported in the present 
paper. 

Experimental 

The trials were carried out in shallow, wide, 
glazed jars arranged in three series : series A 
carrying mixed organic refuse only without the 
addition of earth, series B carrying 2000 gm. of 
garden soil only, without the addition of organic 
refuse and series C containing a mix±ure of the 
organic refuse with the soil. In series B and C, 
2000 gm. of air-dry surface soil (red-loam) sieved 
through a 10 mesh sieve, were also added. In 
series C, the soil was uniformly mixed with the 
refuse, with the addition of the required quantity 
of water to keep the mass moist and in good tilth. 
Only water was added to series B. 

’*‘Work carried out under the Compost Scheme of the 


The mixed refuse added to each jar in series A 
and C consisted of 150 gm. ragi {Eleusine coracana) 
straw, 50 gm. coarse grass, 40 gm. hariali {Cynodon 
dactylon) grass, 50 gm. mixed weeds, 70 gm, hongag 
[Pongamia ^k6m)leav^es and 75 gm. cattle dung. All 
the materials except the dung were air-dried and 
enough of each material for 56 jars was first 
gathered, cut into bits and mixed well, before 
weighing out aliquots for the jars. The required 
quantity of cattle dung was separately weighed 
out (on a fresh weight basis) for each jar and 
was made into an emulsion with water and 
mixed uniformly with the whole material in each 
jar. 

Each series consisted of 28 jars, four of which 
were removed, for purpose of analysis in quadru- 
plicate, at the end of 1, 2, 4, 8, 12, 16 and 20 
weeks of decomposition. 

At the end of a definite period of aerobic fer- 
mentation four jars were taken out from each of 
series A, B and C*; the contents were dried at 
40^-50°C., then allowed to air-dry in the laboratory 
and weighed and powdered. The material from 
each jar was mixed well, spread on a sheet of paper 
and samples of about 20-50 gm., composed of 
small quantities taken from different portions of 
the mass, were taken in duplicate for analysis. 
Such samples were further pulverized and aliquots 
were taken for the determination of (a) moisture, 
(b) carbon, (c) total nitrogen, and (d) ash. Carbon 
was determined by the chromic oxidation method 
of Acharya [1936] and total nitrogen by the 
Gunning’s modification of the Kjeldahl method 
[A.O.A.C., 1935]. 

The data obtained are presented in Tables I 
to V. Table I gives the analysis of the raw 
materials used for composting and Table II the 
total quantities of dry matter, carbon, nitrogen 
and ash taken initially in each of the series A, 
B and C. Tables III, lY and Y give the total 
quantities of residual materials remaining in the 
jars after each interval of composting, their 
analyses and the total quantities of dry matter, 
carbon, nitrogen and ash recovered as well as the 
C /N ratio of the material at each stage. 
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.Table I 


Analt/sis of raw materials used 


* Materials 

Moisture 
ingm. 
per cent 

; Analysis 

on dry basis in gm. 
per cent 

Carbon 

Nitrogen 

Ash 

Bagi straw 

4'24 

39-48 

0-639 

17-54 

Kutcha grass 

5-12 

40-11 

0-851 

15*70 

Hariali grass ’ 

6-21 

41-05 

1 -772 ' 

12-47 

Mixed weeds 

3-64 

26-56 ! 

1-371 

! 55-42 

Hongay leaves 

5-96 

41-07 

2-117 

1 12-66 

Cattle dung 

80-6 

6-52 

0-307 

32-99 

Soil 

,2-1 

^ 0-712 0-0686 : 

1 96-63 


Table II 

Quantities of constituents taken initially 


Material 

■ ■ , 1 

■ ' .. ■■ i 

Quantity 
of fresh 
material 
in gm. 

Quantities of constituents i 

ngm. 

I 

Dry 

1 matter 

Carbon 

jNitrogen 

Ash 

Katcfbo, grass 

150-0 

50-0 

143-6 

47-4 

59-22 

20-06 

1 0-959 
0-426 

25-2 

7*5 


Table lJ.---Contd, 


Material 

Quantity 
of fresh 
material 
in gm. 

Quantities of constituents in gm. 

Dry 

matter 

Carbon 

Nitrogen 

.Ash 

Hariali grass 

40-0 

37-5 

16-42 

0-709 

4-7' 

Mixed weeds 

50-0 

48-2 

13-28 

0-686 

26-7 

Hongay leaves 

70-0 ] 

65-8 

28-75 

1-482 

8-3 

Cattle dung 

75*0 

14-6 

• 1 

4-89 

0-230 

4*8 

Total quantity, 
in series A 
(compost 
wdthout soil) 

435-0 

357-1 

1 

142-62 

i 

4-492 

77-2 

Total quantity 
in series B 
(soil only) 

2000-0 

1958-0 

i 

13-94 

1-343 

1892-0 

Total quantity 
in series C 
(compost 
with soil) 

2435-0 

2315-1 

156-56 

5-835 

1969-2 


Table III 


Decomposition of mixed refuse without the addition of soil 


Serial No. 

Period of 
incubation 

Air- dry 
weight 
in gm. 

Total dry 
matter 
in gm. 

Analysis on dry basis in gm. 
per cent 

Total quantities recovered 
in gm. 

C /N ratio 

' ' 

Carbon 

Nitrogen 

Ash 

Carbon 

Nitrogen 

Ash 

Cl 

Initial 


357-1 

39-93 

1*258 

21-62 

142-6 

4-492 

77-20 

31-75 

: 02 

1 week 

342 

308*9 

38-29 

1-249 

24-31 

118-3 

3-859 

75-12 

30-66 

03 

, '2" weeks 

303 

274-5 

36-82 

1-394 

27-61 

101-1 

3-828 

75-78 

26-40 

04 

4 

264, 

." 237-2 ■ I 

33-98 

1-565 

32-56 

80-6 

3-713 

77-24 

21-71 

05 

' 8 ' „ ■ 

232 

I 208-9 

31-30 

1*746 

36-44 

65-4 

3-648 

76-13 

17-93 

C6 

■12' „ 

211 

190-5 

29-34 

1-875 

41-02 

55-9 

3-572 

78-12 

15-65 

C7 

16 „ 

202 

,183-4 

27-59 

1-900 

: 42-45 

60-6 

1 3-484 

77-86 

i' ' 14*52 , '■ 

C8 

20 „ 

195 

174-7 

25-87 

1-984 

44-78 

45-2 

! 3-465 

1 ■ ■■ ■ ■ ■ 

78-22 

: 13-04 

r ' ■ ■■ 




The figures given in Table III would show that 
when mixed refuse is decomposed without the 
addition of soil, there is considerable loss of 
nitrogen, amounting to nearly 23 per cent of the 
initial nitrogen content (Table VI). This loss in 
nitrogen is not revealed by the percentage analysis 
of the residual material (Table III), since the 
nitrogen content of the residue shows a progressive 
increase with period of decomposition ; when 
however the nitrogen percentage is multiplied by 
the total dry matter present, the loss of nitrogen 
is found to be of a high order. A perusal of the 
figures for total nitrogen present in the residue at 
different periods of decomposition (Table III) 
would show that the loss occurs in two, definite 
stages. Soon after the dung emulsion is added 
to the refuse and active fermentation starts, i.e. 
in the first week of decomposition there is rapid 


loss of nitrogen, which in the present case amounts 
to about 14 per cent of the initial nitrogen 
content (Table VI). This is followed by a 
second stage of slower but progressive loss of 
nitrogen accompanying the progressive decom- 
position of the manure. It must be remembered 
that the refuse has been decomposed in this 
experiment aerobically. 

The changes in total carbon recovered in the 
residues at different periods of decomposition 
follow a course roughly similar to the changes in 
nitrogen ; but on account of the greater rate at 
which carbon is lost as compared to nitrogen, there 
is a progressive narrowing of the C/N ratio of 
the residue from about 32 : 1 to about 13 : 1. 


The addition of earth to decomposing refuse 
exerts a profound influence on the carbon and 
nitrogen economy of the system, as shown by the 
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tli6 saiuo rcfusG wli6ii coiupostcd. witliout tli6 
Addition of soil. Tlic dilforcnco is spociAlly xnErkod 
in tke case of nitrogen, where the addition of sod 
has increased the recovery by nearly 25 per cent 

(Table VI). ^ . 

Tlie rate at wMob the C N ratio of tne residue 
narrows (Tables III and V) is also greater in the 
refuse plus soil compost, indicating that humifica- 
tion proceeds more rapidly in presence of sml. 
Part of the narrower C/N ratios observed, in the 
refuse plus soil composts, is no doubt attributable 
to the better conservation of nitrogen secured in 
the above composts. 


data contained in Table V. In this case, there 
is no loss of nitrogen ; on the other hand, there is 
a slight but significant fixation of atmospheric 
nitrogen taking place, the quantity so fixed iQ 20 
weeks amounting to about 2 to per cent of the 
initial nitrogen content of the system. Deduct- 
ing from the values given in Table V the control 
values for carbon and nitrogen present in the soil 
only at tlie end of 20 weeks incubation (Table IV) 
it is found that 47-55 gm. of carbon and 4-^2 gm. 
of nitrogen are recovered from the original refuse 
in presence of soil, as compared to 45-2 of 
„o,.Lnr> ar,fl ffm. of nitrogcu recovered from 


Table IV 


Total quantities recovered 
in gm. per cent 


Analysis on dry basis in gm, 
per cent 


Dry matter 
in gm. 


Air-dry weight 
in gm. 


Period of 
incubation 


Nitrogen 


Carbon 


Initial 

1 week 

2 weeks 


Table V 


Decomposition of mixed refuse in presence of soil 


Total quantities recovered in 
gm. per cent 


Analysis on dry matter in gm. 
per cent 


Total dry 
matter 
in gm. 


Period of Air- dry 

incubation weight 
in gm. 


Nitrogen 


Carbon 


Carbon Nitrogen 


Initial 

1 week 

2 weeks 


Table VI 


Percexidge recoveries of curhon and nitrogen 


Percentage recovery oi nitrogen in gm. 

Eefuse-pSoil 


Percentage recovery of carbon in gm. 

Refuse only SoU only Soil+Refuse Refuse only 

100- 00 100^0 100-00 100-00 

82-98 101-9 86-96 8o-92 

70-89 107-2 76-25 85-23 

56-52 108-1 66-46 82-66 

45-86 * 103-6 57-79 81-23 

39-20 100-7 49-29 79-52 

^5*49 97*97 42*34 77*57 

0.5*04 38*83 77*14 


Decomposition in 
weeks 


1. Initial 

2. 1 week 

3. 2 weeks 


Nitrogen 

Carbon 

0*0686 

13*94 

0*0714 

14*20 

. 0*0742 

14*94 

0*0761 

15*07 

0*0762 

14*45 

0*0802 

14*04 

0*0817 

13*66 

0*0834 

13*25 
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Discussion 

Tlie present esperimeiit does not stow in what 
form the nitrogen is lost when mixed refuse is 
decomposed aerobically with the addition of dung 
emulsion. Experiments are under way to examine 
this question in detail, but presumably a good 
portion of the loss occurs in the form of ammonia 
(subsequent data unpublished). 

Shrikhande [Eden, 1939] who followed the 
decomposition of Glinculict and tea leaves under 
controlled conditions found that in the case of 
Glirkidia, (O': hi ratio near 11 : 1) more than 50 
per cent of the initial nitrogen was lost as 
ammonia. In the case of tea leaves, however, 
(C :N ratio near 17:1), the loss amounted to 
about 9 per cent only, and of this only 0*6 per 
cent was recovered in the form of ammonia. 
Somewhat similar results were obtained by 
Jayaraman [194.1] who followed the total losses of 
nitrogen, but did not measure the quantity of 
ammonia evolved (Table VII). 


Table VII 

Initial CjN ratio and percentage of initial nitrogen 
lost 


Material 

Initial C/N ratio 

Percentage of 
initial nitrogen 
lost 

1. Dadap leaves 

12-3 

50-6 

2. Tea 

19-1 

14-0 

3. Grevillea 

36*7 

2-3 (gain) 


A great deal of work has been done on the rate 
of ammonification and nitrification of green 
manures [Waksman, 1938 ; Eden and Shrikhande, 
1939] and the data obtained show that, in general, 
plant materials of C/N ratio narrower than 20 : 1 
(of nitrogen content, say above 1*8 per cent on 
dry matter) tend to liberate ammonia on decom- 
position, whereas materials of C/N ratio wider 
than 20: 1 (possessing a nitrogen content of say, 
lower than 1*8 per cent on dry basis) do not liberate 
ammonia, but on the other hand suffer from 
nitrogen 'hunger’, as shown by their ability to 
fix added soluWe nitrogen in the insoluble organic 
form [.Hutchinson and Richards, 1921 ; Richards 
and Norman, 1931]. 

Applying the above criteria to the present 
experiment it would appear as though mixed 
refuse having an initial C/N ratio of 31*75 :1 
(Table III) should on decomposition show a ten- 
dency for fixation of additional nitrogen and 
certainly for no appreciable loss of nitrogen. The 
actual loss observed, however, is considerable, 
amounting to over 20 per cent of the initial nitrogen 
contained in the refuse. 


The above loss is explainable on the basis that 
the limits of C /N ratios 'indicated by previous 
workers as controlling nitrogen losses, apply only 
to single plant materials of a uniform type, and 
not to mixtures of different plant materials. In 
the case of such mixed refuse, the over-all C/N 
ratio of the mixture may not possibly give any 
indication of the behaviour of the individual 
constituents. It is probable that microbial attack 
may start vigorously on such of the components 
of the mixture as possess narrow C/N ratios, 
while the more resistant components of wider C /N 
ratios may remain unattacked in the early stages. 

Thus, the ammonia that may be liberated in the 
earlier stages from the components of narrow C/N 
ratios may be lost in part before it is used up by 
the micro-organisms for the decomposition of the 
components of wider C/N ratios. In the present 
experiments, the over-all C/N ratio of the mixed 
refuse in series A is 31*75, but some of the con- 
stituents such as liongay leaves, mixed weeds and ^ 

hariali grass possess narrow C/N ratios of 19*40, 

19*37 and 23*16 respectively, while other compo- 
nents such as ragi {Eleusine eoracana) straw and 
hatcJia grass possess wide C/N ratios of 61*79 and 
47*13 respectively; and the hypothesis set out 
above would satisfactorily explain why there is a 
loss of over 20 per cent of the nitrogen from the 
above mixture. 

The beneficial effect of earth in preventing' 
nitrogen losses could be attributed to the following 
factors : . ; . 

(1) The presence of soil colloids, which might 
absorb and retain the ammonia evolved. 

(2) The influence of the type of microbial popula- 
tion present in the soil, which might utilize and 
fix up the ammonia evolved more rapidly than 
the microbial population present in decomposing 
plant refuse. Some recent work of Mr Pillai in 
this laboratory (unpublished data) has shown the 
important role played by protozoa in the activated 
sludge process, in improving the nitrogen content 
of sludge by fixation from sewage. The protozoa 
not only control the rate of liberation of ammonia 
by bringing down bacterial numbers, but also serve 
to fix rapidly in their own bodies the ammonia 
that is evolved in the system. It is possible that 
a similar role may be played by protozoa present 
in the soil added to compost, thus serving to 
minimize the over-all losses of nitrogen considerably. 

(3) xl part of the nitrogen loss from the refuse, 
may be masked by a simultaneous fixation of 
atmospheric nitrogen effected by the micro- 
organisms present in the added soil. A reference 
to Tables lY and Y would show that 2000 gm. of 
soil when incubated alone fixed 0*271 gm. of 
nitrogen from the air, but a mixture of the above 
quantity of soil with plant refuse fixed only 0*131 




em of nitrogen. The difference might probably 
' represent the amount of nitrogen lost from the 
organic refuse, since the nitrogen fixmg power ot 
soils has, in general, been found to be improved 
by the addition of refuse of comparatively wide 
C'/N ratios. 

' In the absence of more definite information and 
data, it is difficult to assign relative values for the 
importance of the above three factors, factors 
(2) and (3) mentioned above would be served by 
mixing the refuse with soil or by interspersing thm 
layers of i^arden eartb between layers of refuse in 
compost-making. Factor (1) mentioned above 
however, wonld require that the compost should 
be covered over with a layer of earth on top. in 
the Bangalore process of compost makmg, botn 
these methods of using earth are adopted, viz. 
thin layers of earth in between layers of refuse 
and an earth plaster on top. 

The beneficial effect of earth on carbon economy 
. of compost, has got a practical bearing in relation 
to the quantity of organic manure that is hnaliy 
obtained. The amount of organic manure re- 
covered (total manure less earth and ash) is roughly 
proportional to the amount of carbon recovered ; 

' and since the aim of composting is to seeme as 
high a recovery of organic manure as possible (ot 
the proper quaUty) from the origmal refuse, the 
recovery of carbon, imder such conditions, could 
be taken to be a measure of the efficiency of the 
composting process in this respect. . „ , 

Since the manure produced by a satisfactory 
system of compost making generaUy reaches a 
d /N level near 10 : 1, the amount- of mtrogen that 
is conserved in the composting process would 
directly control the quantity of carbon conserved 
and thus, indirectly, the total quantity of organic 
manure obtained. Thus, in two systems of 
compost-making both of which yield finally a 
manure of C/N ratio near 10:1, if the^ total 
nitrogen recovery in one system is only 40-o0^per 
cent, and in the other 90-100 per cent, it is clear 
that the former method of compo.stmg would yield 
only about half the quantity of organic manure 
’ yielded by the latter method. The importance or 
adopting satisfactory methods of preventing 
nitrogen loss during composting, in order to^obtain 
the highest recoveries of manure possible, is 
therefore evident. 

It is sometimes stated that the losses of nitrogen 
! that take place during aerobic composting would 
be made up by subsequent fixation from the air, 
when the material decomposes further ; and thus 
the final efficiency would be the same in aU cases. 
But the experimental data affeady presented by 
one of the writers [Acharya, 1939> 1940] would 
show, that in cases where the initial C/N ratio of 
the refuse mixture is about 30 : 1 or narrower 


and some of the refuse constituents are rich in 
nitrogen, e.g. night-soil or urine, the qiiantity^of 
organic manure finally obtained is considerably 
greater in the cases wTiere nitrogen loss is avoided. 
The work of Dhar and co-workers [1937] has shown 
that celMosic materials fix from 5 to 10 mg. of 

nitrogen per gram of carbon decomposed, ihe 
difference between the nitrogen loss-cum-fixation 
system and the nitrogen-conservation-system is 

brought out sohematioally in Table VIII and is 
found 4o be in favour of the latter system, ibis 
is due to the fact that the quantity of nitrogen 
gained with difficulty by fixation from the air is 
only a fraction of what is easily lost by adopting 
defective systems of composting. 


Table VIII 

Carbon and nitrogen economy during composting 

100 lb. dry matter of refuse plus C=30 per cent, 
urine or nigbt-soil N=l per c®ut 

® G:Nratio 30:1 


Constituents 

Initially present J 

^Carbon 

“^Nitrogen 

Present after 1st *1 

stage of active ! 

decomposition 
for 2 weeks 

1 Carbon 
l^Mtrogen 

Present after 2nd 
stage of 3 months’ 
decomposition 
including N ’ ^ 
fixation from air 

*1 Carbon 
Nitrogen 

- 

Final C /N ratio 



Bangalore 

process 

(approxi- 

mate 

figures) 


Aerobic decom- 
position -Hath 
turnings 
(approximate 
figures) 


20 lb. 

0-5 lb. 

(loss 0'5 lb. N) 


7 lb. 

0-6 lb. 

-I-0-13 lb. N 
fixed from air 
by 131b. ofC 
decomposed 
Total=0-63 lb. N 
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SUMMAEY 

1. Mixed refuse containing weeds, leaves, 
grass, straw and cattle dung, having a C/N ratio 
near 32 : 1, was composted aerobically in jars, 
Under controlled conditions, with and without the 
additiom of garden earth. 

2. The refuse composted without the addition 
of earth lost nearly 23 per cent of its initial nitrogen 
in a period of 20 weeks. The loss appeared to 
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occur ia two stages : tliere was an initial period of 
rapid loss, which covered the first week of decom- 
position ; this was followed by a longer period of 
slow and steady loss, along with the progressive 
decomposition of the refuse. 

3. The loss of nitrogen was overcome by the 
addition of earth to the compost mass, the over-all 
result being a slight gain in total nitrogen, due to 
fixation from the air. 

4. ' Parallel with the increased conservation of 
nitrogen secured by addition of soil to decomposing 
refuse/ there was an increased recovery of carbon 
and of organic matter in the final manure. 

5. The C/N ratio of the compost narrowed 
down quicker in cases where soil had been added 

. to the refuse. 

6. Probable explanations are offered for : 

(a) the considerable losses of nitrogen taking place 
from mixed refuse of C/IST ratios wider than 30 : 1, 

(b) the beneficial effect of earth in controlling such 
nitrogen losses ; and (c) the relation between 
recovery of carbon and of organic manure on the 
one hand and of nitrogen economy during com- 
posting on the other. 
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r In any attempt at estimation of crop yields by 
I sampling, the fixing up of an appropriate size 
: and shape of the sampling unit and of the percen- 

? tage area to be sampled are the essential prehmi- 
naries. If the percentage of total population 
sampled remains the same, the degree of accuracy 
; attained will depend mainly on the size and shape 
V of the sampling unit and 5he distribution of these 
units in the general population. The actual shape 
; and size of the sampling unit will be largely 
governed by the order of magnitude of the crop- 
cutting experiments. Thus the administrator 
who is interested in the crop-outturn of large areas 
has to deal in terms of districts and hence the 
unit used by him is bound to be different from that 
f ' employed by an experimentalist desiring to 
estimate the yield of an experimental plot. The 
i exact sampling technique, the arrangements of the 
ultimate units, the number of units to be sampled 
■ and the distribution of these in the population, 

? will differ in each case as these will depend upon 

*Thi8 investigation was made when the Agricultural 
; Meteorology Section was financed by the Imperial Council 
^ of Agricultural Research. 

I fMr. A. K. Mallik assisted by Mr. Satakopan conducted 
this field experiment. Mr. Satakopan supervised the statis- 
tical computations. 


the nature and magnitude of the variability 
involved. But it should, however, be possible in 
practice to evolve for any crop, a hierarchy of 
sampling techniques to deal with cases ranging 
from individual plants to the district crop as units 
and covering all intermediate cases. In designing 
an experiment to give a complete solution of the 
problem of any one crop, it is possible, at one 
time to handle only two or three of the stages in 
the hierarchy. 

The present paper deals with one such experi- 
ment designed to give information on the most 
suitable sampling technique for estimating the yield 
of wheat, variety Al 15, conducted in March, 1939, 
at the Government Experimental Farm, Power- 
kheda, Hoshangabad, C.P., with the kind co-opera- 
tion of the Deputy Director of Agriculture, Northern 
Circle, C.P. The experiment is first described and 
then the important results obtained are discussed. 

Material and method 

A wheat field, ready for havesting, from the 
non-experimental area of the farm was chosen. 
A square plot, 4/10 of an acre, i.e. 132 ft.X 132 ft. 
was marked out for the experiment. This area 




\ 






was harvested completely square yard by square 
yard and the yields of grain and straw were 
recorded separately from each unit (i.e. 3 ft. X 3 ft.). 
As the marking of the whole plot into square yards 
was inconvenient for operations, the plot was 
sub-divided into 16 sub-plots of 33 ft. X33 ft. 
each (1 /40 of an acre), leaving a 3 ft. path along 
two edges of each sub-plot for trampling. The 
remaining area of 30 ft. X 30 ft. from each sub-plot 
was first marked out into 100 sq. yd. by strings 
tied across the sub-plot to pegs fixed at the 
boundaries of the sub-plot. 1600 sq. yd. were 
thus separately cut and the grain threshed by hand 
by labourers. The yields of grain and straw were 
recorded, correct to 1 /1 6 of an ounce. The plants 
were cut with knives, and as it was not possible 
to ensure uniformity among the labourers in the 
method of cutting, the yields of straw recorded 
were not strictly comparable. Kecords of straw 
yields obtained from the experiment were there- 
fore rejected and only grain yields were taken into 
consideration. 

A plan of the whole experimental plot is^ shown 
in Eig. 1. As the orientation of the lines of plants 
has a bearing on the discussion of the results, the 
general direction of the rows is also indicated in 
the plan. The rows were roughly parallel to 
AB in Fig. 1. 




It may be mentioned that the yield figures for 
grain do not represent the yields from 1600 conti- 
guous square yards but suffer from certain dis- 
continuities due to the fact that one yard of the 
crop was rejected around each sub-plot as this 
was being constantly trampled during operations. 
But this discontinuity is not expected to affect 
the result of the analysis to any serious extent 
as it is likely to vitiate only the variances between 
sub-plots to a small extent. 

Discussion of the results 

Frequency distribution of the yields 

In the first place the frequency distribution of 
the yields was studied. The frequency distribu- 
tion of the yield from 1600 sq. yd. is shown in 
Table I and graphed in Fig. 2. The following 
distribution constants may be of interest in respect 
of the 1600 yields as a whole. 

Table I 

Frequency distribution of the yield of grain 


Weight of 

Number of 

: Weight of 

Number of 

grain yield in 

1 /16 oz. 

square yards 

grain yield in 
! ^ 1/16 oz. 

square yards 

12-13 

8 

! 32-33 

116 

14-15 

18 

34-35 

85 

16-17 

62 

36-37 

45 

18-19 

94 

38-39 

28 

20-21 

159 

40-41 

32 

22-23 

175 

42-43 

15 

24-25 

184 

44-45 

6 

26-27 

176 

46-47 

3 

28-29 

224 

48-49 

3 

30-31 

165 

50-51 

52-53 

*2 


Fiot. 1. Field, sab-plots and constituent square yards 


Mean yield of grain . . 26*71 (in 1 /1 6 of an oz.) 1 
Standard deviation . . 6*25 ( — do — ) j 

Coefficient of variability . . 23*4 per cent. 
gi^ . . . . 0*453 0*019 (S.E.) 

^2* . . . . 0*278 0*122 (S.E.) f 

gl which is a measure of asymmetry and which ' 
has a zero value for the normal distribution is 
significant for this distribution, being nearly 24 , 

times its standard error. This indicates that the^#e/> 
frequency is asymmetric. The value of g2 is not ^ 

significant (judged from the 5 per cent level) : 

which indicates that the curve is not materially ‘ 
different from a normal curve in respect of kurtosis, 
i.e. flatness of the top. j 

and are constants which measure the asymmetry j 
and kurtosis of a frequency distribution curve. Their ; 
values are zero for a normal distribution. [Fisher, 1936]. j 
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Analysis of mrianee 

In order to estimate tlie variances between units 
of different sizes and shapes, the 1600 sq. yd. 
were grouped consecutively into composite units 

consisting of 2, 3, 4, 50 contiguous square 

yards, and the analysis of variance was worked 
out for each grouping. For example, for the 
contiguous unit of 2 sq.^ yd., the 100 sq. yd. in each 
sub-plot were divided into 50 units of two square 
yards each and the allocation of degrees of freedom 
in the analysis of variance was as follows : 

D.F. 

Sub-plots . . ^ . . 15 ^ 

Between composite units . . 784 
Within units .. • • ^00 


Table II — Contd, 


1599 


Table II 


Different sizes 


Serial 

Ho;,: 

Size of^ 
composite 
unit 

Arrange- 
ment of 
square 
yards in the 
unit* 



'V2h:,' 

2 

2 

2v 

3 

3 

3h 

4 

3 

3v 

5 

4 

4h 


Remarks 


All sq, yards used in each, 
plot 

do. 

The last column at.the right 
end omitted from each plot 
The last row at the bottom 
of each plot omitted 
The last two columns 
omitted 


Serial 

No. 

Size of 
composite 
unit 

Arrange- 
ment 
of square 
yards in 
the unit* 

Remarks 

6 

4 

2hx2v 

All units used in each plot 

7 

4 

4v 

The last two rows omitted 
in each plot 

8 

5 

5h 

Ail units used 

9 

5 

5v 

do. 

10 

6 

3hx2v 

Same as item 3 above 

11 

6 

3vxflh 

Same as item 4 above 

12 

8 ■ ! 

4hx2v 

Same as item 5 above 

13 

8 

4vx2h 

Same as item 6 above 

14 

9 

% 

3hx3v 

The last column and last 
row omitted from each plot 

15 

10 

5hx2v 

All units used 

16 

10 

5vx2h 

do. i 

17-" 

12 

4hx3v 

The, last two columns and 
last row omitted 

18 

12 

4vx3h 

The last column and last 
two rows omitted 

19 

15 

6hX3v 

The last row omitted 

20 

15 

5vx3h 

The last column omitted 

21 

16 

4hx4v 

The last two rows and last 
two columns omitted 

22 

20 

5hx4v 

The last two rows omitted 

23 

20 

5vx4h 

The last two columns omitted 

24 

25 

5hx5v 

All units used 

25 

50 

10hx5v 

do. 

26 

50 

10vx5h 

do. 


along CD in Rig. 1. and h= along AB in Fig. 1. 

These have a reference to the directions on the plan 
of Fig. 1. For example, 5hx2v means a composite unit 
of 10 sq. yd. made of 5 yards along AB and 2 yards along 
CDinFig.1. 
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It should be mentioned here that as the sub-plots 
have been kept separately throughout the analyms 
it was not possible to utilise all the ^ 

from each plot in forming composite units _ot 
certain sizes!^ The available number 
units of the requird sizes was ^ 

sub-plot, the remaining square y^ds jemg emitted 
The pecuUarity in each case in th^ 
indicted in the remarks column ^aWe L. 
The differences in the total variance and variances 
L to sul plots seen in Table III arise also of 
this fact, that all the units could not be utilized 
in forming different sizes of composite units. 

The variance between samples in relation to the 

St thrcrfp waTsown with a ^^^^ee-tyned d^, 
it was considered that the 
of the crop will have a bprmg on e 
between composite units (i.e. sam;^e ) ^ 

■Z' . 3 


o 
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shapes Each size of composite unit has therefore 
been studied in two or more alternative arrange- 
ments of square yards. Thus a composite. unit 
of 4 sq. yd. has been taken first by combining 
four contiguous square yards along AB ( ig. ), 
seoondlv by combining four contiguous square 
yards along CD (Kg- 1). and thirdly by ttog a 
compact block of four square yards, two yards by 
two yards. The different types of composite units 
considered for each size are illustrated by Eig.B. 

Table III shows the analyses of variance tor 
different shapes and sizes of composi te m iits. It 
will be seen from column 3 of Table III that for 
the same size of the composite unit the arrange- 
ment of square yards with an elongation along AB 
gives a greater variance between compMite units 
than the arrangement elongated along CD. _ Fig. 4 
also indicates this clearly. Considering that the 

rows were more or less parallel to AB (tig. 1) t 

appears that there is greater variabihty between 
the rows of plants than within the row This is 
also confirmed as it should be e;wdent, by the 
smaller, “within units vanaime for the AB 
elongated units than for the CD elongated unffs. 
It would therefore appear that m dealing with 
the crop it is always better to take ^a sample 

elongated in a direction at right angles to the 

plant rows to keep the sampling variance low. 

Table III 

Analysis of variance of dferera shapes md sizes 
of composite units ^ ^ ^ - 


Size and 


Tia. 3. Size and shape of sampling 

different comtinations of square yards 


2h 

2v 

3h 

3v 

4h 

4v 

21ix2v 

5li 

5v 

3]ix2v 
3vX2h 
4hx2v 
4vX21i 
3hx3v 
5liX2v 
5vx21i 
41iX3v 
4vx3h 
5Lx3v 
5vX3h 
4)1 X4v 
5hx4v 
5vx4h 
5h.x5v 
10b. X5v 
lOv X SK 


Variances 

between 

sub-plots 

Variance 

between 

composite 

units 

Variance 

within 

units 

639*3 

46-3 

20*7 

639*3 

44-1 

22*8 

584-2 

49*5 

25-4 

555*2 

48-6 

25*7 

491*1 

68-6 

22-2 

476-5 

57-0 

26-5 

639*3 

65*3 

23*1 

639*3 

74-3 

23*6 

639*3 

55*7 

28*0 

584*2 

82-6 

24-0 

555-2 

73-3 

25-7 , 

491-1 

106-3 

24-0 

476-7 

86-8 

. 26-9 

512-7 

96-9 

26-0 

. 639-3 

113-7 

25-3 

639-3 

84-3 

28-2 

431-9 

126-5 

26-2 

437-1 

115-1 

27-9 

555-2 

136-6 

27-0 

644-2 

113-0 

28-5 

366-3 

153-4 

28-3 

476-5 

172-8 

28-3 

491-1 

145-6 

28-9 

639-3 

1.52-5 

29-6 

639-3 

277-6 

30-8 

639-3 

138-5 

32-3 


Total 

ivarianoe 


39-0 

39*0 

39*0 

38- 6 
38*7 
39*0 
39*0 
39*0 
39*0 
39*0 
38*6 
38*7 

39- 0 
38*7 
39*0 
39*0 
38*5 
39*3 
38*6 
39*6 
39*1 
39*0 
38*7 
39*0 
39*0 
39*0 
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o_o Samples elonjafec/ alonjf the rows. 

Samples eior^ctied across the rows 
n o Samples Sfuore tn shape . 


40 . , S? 

No. of se^.yds. tn the sample 


The standard error of mean yield per square yard {<^s' / ) in relation to the size and shape of the sample 


The optimum size and shape of the sample 

Table IV gives the standard error between 
composite units (square root of variance between 
units) and also tbe standard error of mean yield 
for each sample* jfin where n is the number of 
square yards in each sample. The values of the 
standard errors of the mean yields have been 
plotted against the size of the unit in Fig. 4 for 
both the AB and CD elongated samples. The 
point representing compact structures of compo- 
site units are shown separately. It is seen from 
Fig. 4 that decreases as the size of the 

sample increases, showing that the variability of 
the mean yield decreases with size of unit. 'But 
the decrease is greater for small units and as the 
size increases the decrease is less. In fact the slope 
of the curves for samples larger than 15 units is 
considerably less than that of the part of the curve 
representing smaller units. It appears therefore 
that a sample comprised of 12 to 15 square yards 
arranged in such a way that 4 or 5 rows are 
included in the sample, i.e. 

4 square yards along CD and 3 sq. yards along AB 
or 5 square yards along CD and 3 sq. yards along 
AB, is a suitable unit for sampling operations on 
the crop. 

Estimation of yield hy random sampling 
Estimation of the sub-plot yield by choosing ^ 
samples at random from each sub-plot was nest 
considered. Four square yards were selected 
at random from each sub-plot and the sub-plot 
yields estimated from these. Five square yards 
were then selected at random from each sub-plot 


and the yield of each sub-plot was estimated there- 
from. Such experiments were repeated increasing 
the number of square yards up to 50. In the last 

Table IV 

Standard errors from variances in Table III together 
with standard error of mean yields for each composite 
unit 


Size and 
shape of 
composite 
units 

Sub-plot 

error 

Composite 

units 

Within 

units 

ar/-v;r 

2hxlv 

25-28. 

6-801 

4-545 

4-81 

2vxlh 

25-28 

6-639 

4-774 

4-69 

3hXlv 

24-17 

7-036 

5-038 

4-06 

3vxlh 

23-56 

6*971 

5-068 

4-02 

4hXlv 

22-16 

8-282 

4-711 

4-14 ' 

2hx2v 

25-28 

8-083 

4-805 

4*04 

4vXlh 

21-85 

7*551 

5-145 

3-77 

5hXlY 

25-28 

8-618 

4-859 

3-85 

SvXlh 

25-28 

7-467 

5-292 

3-34 

’ 3h X 2v 

24-17 

9-090 

4-901 

3-71 

3vx2h 

23-56 

8-561 

5-065 

3-50 

4hx2Y 

22*16 

10-309 

4-897 

3-64 

4vx 2h 

21*83 

9*316 

5-185 

1 3-29 

3hx3v 

22-64 ; 

9-844 

5-101 

3-28 * 

5h X 2 t 

25-28 

10-661 

5-030 

3-37 

5vx2h 

25-28 

9-183 

5-313 

2*90 

4h X 3 y 

20-78 

! 11-25 1 

5-12 

3-25 

4vx3h 

20-91 

10-73 1 

5-29 

3*10 

5hx3Y 

23-56 

11-69 

5-20 

3*11 

_ 5Yx3h 

25-38 

10-63 

. 5-34 

2-74 

4h X 4 y 

19-14 

12-38 

5-32 

3-09 

5hx4Y . 

21-83 

13-15 

5-32 

2*94 

5YX4h 

22-16 

12-07 

5-38 

2-70 

51ix5y 

25-28 

12-35 

5-44 

2-47 

lOhxSY 

25-28 

11*77 

5-68 

2*36 

lOvXSh 

25-28 

16-66 

5*55 

1-67 





case half of each sub-plot was sampled out and the 
yield of whole sub-plot was estimated therefrom. 

Apart from estimating the plot yields the per- 
centage information obtained for each size ot tlie 
random sample was calculated by the formula 

P=100(i-X) where 'IT’ 


where — • j 

P =Percentage information obtained 
L =Loss of information 
Tc jh =Proportioa of plot sampled 
_B =Variaiice between, sanaples 
^ =Variaiice between sub-plots 
n =Number of sub-plots 
For theoretical considerations behind this formula 
a reference may be made to Yates and Zacopanay 
[1935]. 

Table T 

Results of random sampling of different percentages 
from suh-plots 


Number of 
square 
yards 

sampled from! 
each sub-plot 


Standard error 

Plot Within 

plot 

Percentage 

information 

obtained 

6*66 

5*72 

38 

7-44 

5*91 

47 

7*27 

6-00 

44 

11-27 

6*77 

79 

10-58 

5-46 

79 

9-88 

5*83 

73 

11-67 

5*90 

80 

11*14 

6*11 

77 

10-99 

6*58 

81 

12*90 

5*85 

86 

13*92 

5*66 

89 

14*07 

5*65 

90 

16-64 

6*77 

94 

18*10 

1 5*93 

95 


Mean yield 
per square 
yard 

as estimated 
by sampling 
in 1 /16 oz. 


Table V gives the estimated and the actual 
mean yield per square yard for the different sizes 
of sample together with the percentage infGrm.a- 
tion obtained. It is seen that sampling 12 to 15 
per cent of the crop gives a percentage information 
of the order of 80. The relationship between the 
percentages of total population sampled^ and the 
information obtained is ’ shown graphically in 
Fig. 5. It will be seen that the increase in the 
percentage information obtained is rapid till the 
per cent population sampled reaches a value of 
about 12 to 15 per cent; further increase in per- 
centage sampled increases the percentage in- 
formation at a slower rate. Here again it would 
appear that sampling about 12 to 15 per cent oi 
the total population will give a fairly good estima- 
tion of sub-plot yields. 

Random sampling with composite units 

Next, the question whether composite units can 
be used for sampling and if so, what will be the 
best size and shape of the units to be taken was 

studied. Table VI gives the results onhe analyses 

for three percentages of sampling 12, 15 and lb 
per cent. For each percentage, of sampling, 
composite units of different sizes have ^en 
and the percentage information obtained by the 
sampling has been worked out. It will be seen 
that the following sampling techniques give over 
eighty per cent of the information. 

Number of 

Size of composite units composite units 


Actual mean yield per square yard in 1 /lb oz.= 


1. 4 contiguous square yards across 

the rows along CD 

2. 2 sq. yd. along CD 


IQ 20 ^ Percentage of crop sampled 

Fig. 5. Percentage information obtained in relation to the percentage of crop sampled 
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'Table ■ VI 

Results of mniom samf ling ivitk com fosite units 
for 12, 15 ami 16 f er cent sanqMng 


— 


___ 

m 

.in 


Standarc 

1 error* 

CD S 

CD O 
b0+-» 
cS ^ 

Is 

Composition 

rn 

-1 
■+» ts 

per composite unit 

-R eg 

g a 

o 7?, 

% 

of 

composite 

unit 

O 

d 

!2; 

o 

S w 

02 

Plot 

Witbin 

plots 

o u 

fti.g 

9 M 

s § 

' CCS 

-p 





6 

10-75 

8-95 

78 

11- 

95 



2b 


6 

13-81 

8-48 

71 

12- 

02 

■S 


3v 


4 

21-91 

14-37 

68 

12- 

12 



3b 


4 

22-83 

13-39 

74 

11- 

79 



Av 


3 

18-66 

13-87 

58 

12- 

06 



4b 


3 

26-94 

16-33 

72 

12- 

07 


2' 

^X2b 


3 

27-71 

24-81 

38 

11- 

51 

o 


6v 


2 

22-21 

21-62 

28 

11- 

78 



fib 


2 

23-04 

20-94 

37 

11- 

63 


3v X 2h 


2 

27-43’ 

16-91 

71 

11- 

95 

rH 

3iiX2v 


2 

25-34 

18-25 

60 

12- 

04 

s 


3v 


5 

22-06 

12-26 

77 

14 

•79 

O 

.g 

3b 


5 

21-88 

11-68 

79 

14 

•64 

K 


5v 


3 

20-58 

18-73 

39 

15 

•23 

lO 

rH 

S 

CO 

5b 


3 

24-59 

17-96 

61 

15 

•05 



2v 


8 

17-64 

8-37 

83 

16 

•24 

S 


2b 


8 

14-22 

9-41 

68 

15 

•61 

W 


4v 


4 

27-71 

12-64 

85 • 

16 

•10 

S 


4h 


4 

27-34 

15-03 

’78 

15 

•96 

CD 

'I 

8v 


2 

41-59 

28-11 

67 

16 

•08 

(.H 

CO 

8b 


2 

35-30 

29-02 

51 

15 

•67 


*Tlie standard errors are based on the analysis of variance 
of total yield of each composite unit and not reduced to 
per square yard. Hence the standard errors for different 
^es of composite units are not comparable without 
reduction to the same size. 


The second arrangement would involve double 
the number of units to deal with and so the first 
is preferable from the point of view of practicability. 

It would thus appear that for estimating yields 
by random sampling, four units of 4 sq. yd. each 
(4 yd.Xl yd. the length being at right angles to 
the rows) from each sub-plot will be most suitable. 

SUMMAEY 

The present paper deals with a complete harvest- 
ing experiment with the object of finding out the 
most appropriate size and shape of sample to be 
used for the estimation of the yield of whmt by 
sampling. The procedure adopted is described in 
detail. Statistical analysis of the data shows ; 

1. Samples elongated across the rows are less 
variable than those elongated along the rows. 

2. The optimum percentage of total popula- 
tion sampled is about 16 per cent. There is no 
material gain in information by sampling more 
than 16 per cent of the crop. 

3. Samples composed of 3 yd. along the rows 
and 4 or 5 yd. across the rows are the most suit- 
able. 
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ORIGINAL ARTICLES 

OBSERVATIONS ON THE INFLUENCE OF NITRATE, AMMONIUM AND IRON 
ON THE OROWTH AND NUTRITION OF THE RICE PLANT 

Bv R. D. Asana, Plant Pliysiologist, Central Sugarcane Eesearcli Station, Piisa 

(Received for piiblieatiou on 25 November 1944) 

(With Plate WII and two text-figures) 


There appears to be a considerable difference of 
opinion on the raiative merits of nitrate and ammo- 
nium ions avS sources of nitrogen for the rice plant. 
As the literature on the subject is very extensive 
no attempt is made to review it ; recent investiga- 
tions which bear directly on the observations re- 
ported in this paper are alone considered. 

Espino and Estioko [1931], Dastur and Malkani 
[1933] and Dastur and Pirzada [1934] find a mixture 
of both forms of nitrogen more satisfactory than 
<‘ither used alone. Thelin and Beaumont [1934] 
find that in a mixture of nitrate and ammonium 
nitrogen relatively greater proportion of the former 
is more satisfactory than the reverse. Gericke 
[1930] obtained satisfactory growth with nitrate- 
alone as the source of nitrogen in a complete culture; 
solution. Willis and Carrero [1923] from a com- 
])arative study of the influence of nitrate and ammo- 
nium in soil cultures conclude that the nitrogen of 
calcium nitrate may be as suitable to the rice plant 
that of ammonium in which the reaction of the 
unassimilated residue does not interfere with the 
absorption and utilization of iron. 

It appears that the earlier work of Gile and Carrero 
[1920] and Willis and Carrero [1923] did not receive 
the attention it deserved. They were the first, 
so far as the writer is aware, to point out the rela- 
tion of iron to nitrate and ammonium ions. Gines 
[1930] from Espino’s laboratory, did not compare 
the influence of iron salts on nitrate and ammonium 
cultures used separately although that is the im- 
portant point as already made clear by Willis and 
Carrero [1923]. Dastur and John [1938] investi- 
gated the influence of different salts of iron and 
(iifferejit j)El on the growth of rice seedlings in Knop’s 
solution as modified by Tottingham. Seedlings 
14 days old from the time of sowing were used and 
the experiment lasted for a fortnight. There Avas 
no difference between cultures with ferrous sulr 
]fiiate and without iron. Tlie lowest dry weight at 
pH 3*6 was 233*3 mg. (per 30 plants) as against the 
highest obtained at pH 7»0, viz. 261*0 mg. Thus 
in a fortniglit only 28 mg. dry w^eight (per 30 plants) 
was added which appears to be very low. These 
workers make no mention of the light and tempera- 
ture conditions prevailing at the time of the 
experiment. 


Dastur and Malkani [1933] did not repeat their 
absorption experiments during the 8 to 18 day 
stages, as well as those on the influence of different 
concentrations with complete culture solutions ; 
.also they did not collect growth or dry matter data 
from these experiments. Dastur and Pirzada [1934] 
obtained growth data from the transplantation 
stage onwards but they applied fertilizers diiectl}' 
to the soil which unfortunately introduced anothei 
complication’. 

It was the aim of this investigation to study more 
fully the interaction of iron, nitrate and ammoniiirn 
ions on the growth and nutrition of rice in its early 
stage, as this aspect had not received enough atten- 
tion so far. The writer is conscious of the limita- 
tions of the data presented hut as there is no possi- 
bility of the work being continued the observations 
have been brought together in the hope of calling 
attention of other workers to this aspect of the 
problem. 

Experimental 

Seeds of a pure strain of rice (lowland variety Co 
10) obtained from the Coimbatore Paddy Breeding 
Station were used throughout. The seeds w^ere 
steeped in water for about six hours and then kept 
between moist filter paper at room temperature for 
two or three days until the radicale attained a length 
of 3-4 mm. The germinated seeds were then trans- 
ferred to perforated cork mats floating on tap water 
in glazed porcelain beakers ; the seedlings were 
used for experiment when the shoot had grown 
about 4 cm. long. The time between soaking tlie 
seeds and the shoots attaining the length of about 
4 cm. varied from six to nine days depending upon 
the temperature prevailing at tlie time of the yeai* ; 
these observations were carefully recorded. 

For experiment the plants were kept outside in a 
wire netting cage (mesh about | sq. in.) with a 
glass roof, which fairly approximated to a green 
house. Thus the experiments were carried out 
under natural conditions of light and temperature, 
Daily maximum and minimum temperature records 
were kept and the records of hours of bright sun- 
shine w^ere obtained from the local meteorological 
station about a mile away. Although topographical 
variations are bound to occur these records tliro^v 
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some light on the differences in results obtained _at 

different times and these will be considered in the 

co..»ted of . «11 gl*- l-l*" 
(resistance glass) of one litre capacity, made opaque 
to light by' thick paper wrappings. On top ot the 
beaker rested a ‘ nrolite ’ disc with 
tions to receive the plants, one in each, ■whic 
held in position by cotton-wool plugs. _ 

A few experiments were carried out in 
li«ht (i.e. not direct sunlight and under .shade) , 
this light was, however, not enough for good 
of the plants as results of Experiment 1 slmw. Me 

culture ' vessel in these experiments consisted ot a 
glazed porcelain pot about 7 ^'*“®t®Ve,Ted 

600 c.c. capacity. These experiments are refeiied 
to as ‘diffuse light experiments (Experiments 1 

^bn all experiments complete culture solutions were 
used. The culture solutions with ammonium and 
nitrate ions as the only sources of nitrogen will 
henceforth be referred to, for the sake of hrev t> , 
as NH4 and NO^ cultures respectively, blass 
distilled water was always used for making up the 

cultures. The NH 4 culture had the compoat^ 

KH,P04, MgS04. CaS04, (NH4).Sq4 and EePO, 

and" the NO, culture : KH.4PO4, MgB04, -Ca(NO.)2 

and FeS04. The concentration ofMach imtriem 
in p.p.m. was ; K.,0, 14 ; PoO.,, 21 ; N, 14 , a, . , 
Mg, 24 ; and Fe, 8. 

3Ietho(Iii of chemmil analysis 

Drring. The fresh plant material was first dried 
for about half an hour at about 90°C. and then 
between 65° and 70° C. for about 27 hours, when the 
dry weight was found to he constant. ; __ 

Nitrogen was e.stimated by the micro-Kjeldahl 
method ' as adapted by Panias and Wagner and 
described by Pregl [1924], Nitrate was reduced 
by reduced iron. Calcium from the plant ash was 
precipitated as Ca-oxalate hr ammonium oxalate 
at nS 4-5 and the precipitate was then, titrated 
against KMn04. For manganese, all Interfering 
ions including chloride were removed and the magenta 
colour developed in the filtrate on adding sodium 
bismuthate was matched again.st a standard after 
centrifuging. Iron was estimated by the micro- 
method ^described by Straub ri934]._ pH was esti- 
mated colorinietriealiy with the ‘ Hellige comparator ’ 
and standard colour discs. 

Experiment I 

The data from this experiment are given in Table 
I. The experiment was continued for three weeks 
starting with one- week old seedlings. 


Iff take of nitrogen by NH^ and N0.^-flanls in iifnse 
light 


NH 4 se'Ties 

.NOs series 

568‘3 m.g. 

571*6 mg. 

122-S -mg. 

194*8' rug. 

691 *1 mg. 

766*4 mg. 

20* 14 mg. 

1 

17*18 -mg.' 

plants truK 

W as good 


decidedlv better growth in the former, beedlmgs 
(at the 'fourth leaf stage) from each culture were, 
subsequently set up in one-litre beakers with a. view 
to observing their furtlier growth, (nlture solu- 
tions of the same strength and composition weri' 
used and were renewed at ten day intervals. At, 
the end of the fortnight the first three leaves m the 
NHj-set had withered and before the end of anotlier 
fortnight all the plants were dead. . After three 
months flowering spikes appeared in tlie Norplants. 
There was no development of tillers m these iilants. 

Experiment 2 

In order to .see whether FePO., was a suitable 
source of iron for nitrate cultures another experiment 
was carried out with the same nitrate culture sohi- 
tion. as used in Experiment 1 but witli EeS04 and 
FeP04 as sources of iron. Fe.P04 was prepared 
according to Livingstone’s procedure as described 
bv (rines [1930]. The experiment was continued 
for 21) da vs. Chlorosis developed in the FePO,, 
series after about twelve days, thus indicating that 
the iron from FeP0.„ which was in colloidal form, 
was not readily available to the plants. Similar 
results have been recorded by Jones and Shive 
[1921]. The total dry weight produced and the 
total uptake of nitrogen were both less in the FePO., 

treatment. . , ,■ ix u 

It will thus be seen that even in diffuse light it 
i» iiossible to grow rice up to the flowering stage, 
provided care is taken to supply iron in a suitable 
form. That rice does not thrive in NH4 cultures 
during later stages is also evident. In view of the 
above finding it is surjmzing that Macasaet []93t)J 
working in Esjiine’s laboratory, should state : 

‘ But no culture has yet been found that could hriiig 
the rice plant to complete maturity. Espino 1 1920] 
and Espino and Estioko [193]] succeeded in growing 
rice plant normally for tlie first tliirty or forty {in\s 
■ in certain culture solutions. Beyond that stage 
; of development, however, the plant always produced 
chlorotic young leaves.’ 
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[1936] lias fitted to this type of growth curye an 

equation of the which assumes 

that the growth rate itself is falling exponeiitially 
wdth time due to an inhibiting factor, which in our 
case would seem to be low light intensity, ihe 
smooth curve shown in Fig. 1 is based on the equation 

l^g JL = — {I e and it will be seen that the 

agremnent is moderately close. This observation 
miirht account for the very small amountmf growth 
observed bv Dastur and John [1938] during the 
second fortnight from the time of sowing during 
which they carried out their experiment and for the 
low rate of nitrogen uptake as reported by Dastur 
and AMalkani [1933]. Altliougli neither and 

John [1938] nor Dastur and Malkani [19ej3] mention 
what lio’ht conditions prevailed during their expeii* 
ments, tt would seem, judging from their absorption 
rates and growth data, that their experinients w'ere 
carried out under suh-optimal light conditions. 


It nia.y also lie noted that Uericke [.1930] succeeclecl 
in growing plants to jnuturity in NO;> cultures with 
feLTi(^ rartarate as the sourc(‘ of iron. 

It will bo noted from Ex|)ejiment 1 that the 
iihsorptiou lutes of both isOo and nitrogen are 
remarkahiy low. Such low absorption rates have 
also been * obtained by Dastur and Malkani [1933], 
Idle slow growth rate* of the plants under low light 
inlensity (dLlfuse light) \vould seem to account for 
these low aJ)sorption rates. In .order to see what 
kind oi’gruwtli curve obtained under these conditions, 
during early stage's, an experiment was carried 
out in wiiich dry weight data w<ere collected every 
two ([a\'s. Heediings about a week old were used to 
beuin with (4/10/37^) and the nitrate culture was 
used. In Fig. 1 is shown the curve of increase in 
dry weight in nig. per five plants (mean of 2 replicates). 
Mean temperature (mean of 2 maximum and 2 
nuninuim teriiperatures) during each interval is 
also shown in Fig- 1. 


ExPE-EIMBKTS in suxlight 

With a view to studying the growth and nitrogen 
uptake rates obtaining _ at a liigher light, intensity 
an experiment was carried out in the cage, exposed, 
to sunlight as already described. 


In this experiment both growtli rates ana uptake 
of nitrogen were measured. Weather throughout 
the experimental period was very clear and the 
experiment w^as continued for about three weeks. 
Both dry weights and mean temperature are plotted 
in Fig. 2. The curve of dry weight increase, as 
o-ivenln Fig. 2, conforms very well with that of an 
exponential type and agreement with the smooth 
curve is very good considering that no attempt was^ 
made to control the environment. The curve of 
daily uptake of nitrogen approximately followed 
the dry weight curve, shown in Fig. 2, and the 
total ilptake in 18 days was 191 -08 mg. per 25 

plants. i 1 - 

With a view to observing further growth m sun- 
li<yht a few plants were transferred to one litre beakers 
with the same culture solution renewed periodically. 
These plants tillered well and flowered after about 

14 weeks. , 

With a view to elucidating the interrelations 
between Fe, NH^ and NO 3 ions experiments on a 
more elaborate scale were carried out. Tall beakers, 
one litre in capacity carrying seven plants each, were 
used. Culture solutions of higher concentration 
were used so that they would be required to be 
renewed once a week only. The composition of the 


It will he seen that the growth curve is of a decre- 
ment type in which the growlh rate is continuously 
falling ” with time. Similar growth curv'es have 
also beou obtained by Gregory [1928] for the surface 
vrowth of cotyledons and leaves of cucumber in 
artificial light "at supra-optimal temperatures and 
by White [1936] for the growth of Lemna under 
potassium deficiency in the culture medium. White 
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Boron and manganese were always added to each 
cultiire solution in concentration of 1 p.p.in. 

,, , ExrEHIMENT 4' 

Seeds soaked on 20/4/38, Seedlings were placed in 
apparatus on 26/4/38. Concentrations of culture 
solutions as used from time to time were as 
helow : 



Time * 


Fku 2^ IiKU'ease in dry weight in siinHgbt 

three culture solutions used from time to time is 
given below' : — 


NO;j culture 

NH4 culture 

NH4 -f NO, culture 

, : . Oa (NO,);, , ; 

(NH,,),SO., 

Ca(N 0 ,) 24 -(NH 4 ),S 04 

K08O4 j 

K,S 04 

K.SO4 

KH,P04 

KHOP04 

KH,P 04 

MgSO^ 

Mg SO4 
CaSOi 

MgSOL 

CaS04 


I>at» 

Ug 

Ca 

' 

, EaOii 

.Kj-O 

X" 

■ „ ' , F<i 

26/4-3/5 

24 

00 

12*3 

25-0 

42 

8 p.p.iu. 

3/5-10/5 

24 

60 

J2v{ 

25-0 

42 

'S ,, 

10/5-13/5 

24 

00 

12-3' 

25-0 

42 

8 ,, 

13/5-10/5 ' . 

24 

60 

I2'3 

1 

25'0 

42 

8 ' 

16/5-23/5 

24 

ISO 

24-6 

67-0 

12(5(XO,) 

8 


NH4 cultures contained 84 p.pjn, N from 16/5 
to 23/5 and N03+-NH4 cultures had NO3 — 84 
p.p.m. and NH4 42 p,p.m. 

In all six treatments were tried : NOg+iron, 
NOy — iron, NH4 — iron, + iron, NH4 + NO;j 
+ iron and NH4+NO3 — iron. For the first 
week all treatments were given iron (8 p.p.in.) 
as ferric tartarate. From 3/5 '38 onwards tlie minus 
iron treatments were not gku‘n any ferric tartarate. 
Although the cultures were not aerated there could 
not have been a serious shortage of oxygen as these 
had to be replenished with winter twice a day due to 
its loss through transpiration. 

The mean number of tillers per plant at the end 
of the experiment was as follows : 


: : NOs+Fe 

NOa— Fe 

NH,+N0,,4-Fe 

NH,+NO,,--Fc 

NH,+Fe 

NH,-Fe 

2‘7&±0‘13 

l“08di0'08 

2-60±0‘l(> 

S-25±0-13 

l-50±0:45 

1 

L2-25±0’18;: 


Senescence set in very rapidly in NHd plants starting 
from the leaf tipvS. The root system in the NO3 
plants 'was long, white and healthy. In about a 
week after starting the experiment it was noticed 
that the secondary roots of both NH^ and NH4 + NO,, 
plants ceased to grow in length. Later on a thick 
bunch of root initials surrounded the base of the 


shoot in the NIi4 plants which did not elongate. 
The NH^iH-NOg plants had a thick bunch of white 
adventitious roots which were quite healthy, while 
those of NH4 plants were brown and unhealtliy. 
Although the dry weights were the same the character 
of the root system in NH^+NO, plants was strik- 
ingly different (Plate VITl). 
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Fig. 3. 

NH4+NO3— Fe NHi+NOs+Fe 

(yHi-Z) (2)H4-7) 


NH 4 — Fe 
(pH 4-7) 


Fig. 2. 


NH4+Fe 
(pH 4-7) 
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Table II 

Mean dry weights in gm. (d,i(K) and water content as pereenMge of dry weight {iv,c.) per 

{mean of two replicates) on 2315 138 


Although the dry weights of each j^lant part of 
both NH 4 +NO 3 series is higher than that of NO 3 
+ Pe.j the difference does not attain the level of 
statistical significance which, however, might he 
due to the small number of replicates. Only NO 3 
plants are markedly infiuenced by iron deficiency. 
The NH 4 plants have a lower water content. The 
rates of nitrogen uptake differ approximately in the 
same direction as the dry weights in different treat- 
ments. It may also be noted that the rates of up- 
take of NO.J and NIi 4 ions are almost the same in 


the early stages, which is quite contrary to the 
observations of others. It must be remeniljered 
that the differences during the last week (16/5/- 
23/5) are due to the differences in the original con- 
centrations of the respective ions. 

The iron contents in mg. per gin. dry weight of 
leaf are given in Table IV, It will be seen that the 
iron content of NO.}— Ee and NH.i— Fe plants is 
approximately the same in spite of which the leavc's 
in the former series (except the first four leaves) 
w^ere chlorotic, while those in the latter remained 


Table III 

Mean uptake of nitrogen in mg. per seven plants (mean ef two replicates) 


Table IV 

The iron conient in wg. per gm. dry weight of leaf 


0-3532 


0*1772 



Leaf 

vSheath 

.Shoot 

Root 

Total 

KHi + NO 3 + 

Fe 







2-96.31 -t 

2-0979± 

5-0012 

0-9231 A 

5-9843 'A 

d.w. 








0-1124 

0-0199 

, . 

0-0547 

0-1472 

w.c. . . 








228 

487 


787 


NH 4 -f N 03 — 

Fe 







2-92S6 e 

2-0114± 

4-9400 

0-9I22i 

5-S522 

d.w. 








0-2244 

0-1687 


0-0673 

0-4604 

w.c. . 








226 

510 


786 


NO;} + Fe 








2-6S894- 

1-81144- 

4-5003 

0-8725 

5-3729-4 

d.w. 

"" ^ '■ 







0-0179 

0-0348 


0-0263 

0-0790 

w.c. 








233 

.544 


749 

. . 

NO;} — Fe . 








l-3664i: 1 

0-66544- 

2-0318 1 

0-39904- 

2-43084 

d.w. 








0-1103 

0-0595 1 


0-0239 

0-1937 

w.c. . 








273 ; 

7 50 


751 


NH 4 -f Fe 








l-3580± ; 

0-99184- 

2-3498 

0-2823-4 

^ 2-6321 ± 

d.w. 








0-033 

0-0164 

0-019 

0-0219 

0-0723 

w.c. 








185 

460 


625 


NH 4 — Fe . 








l-3641i 

1-1561± 

2-5202 

0-19614 

2-7i63 1 - 

d.w. 








0-099 

0-1023 


0-0034 

0-0967 

, w.c.'"'' 


• 






181 

375 


626 



Bate NOj + Fe NOa — le 

NH 4 T 'NO';} ■ 

NH.} 4 Fe Nf-V-Fo 

26/4-3/5 . . . S'll 9-26 6-84 4- 6-83. 

3/S-10/5 . . . 32-74 27-90 20-35 4- 20-78 

10/3-13/5 . . . 28-70 16-08 18-31 4- 17-07 

13/5-16/5 . . .■ 40-71 19-30 20-20 4- 20-08 

16/5-23/5 . . . 116-75 49-10 44-42 4- 72-30 

Total . . 228-01 121-84 247-38 

6^55 T 5- 55 
20-07 4- 20*21 
16*37 + 18-36 
20-63 -f 19-79 
43-99 + 7t-61 
249*13 

S--71 ■ 10-25 , 

■ 21-'53 '24-43 

20-01 23-42 

20--5 '■ ' 28 -'T 

51-67 71-74 

122-42 158-54 ■ 


0*4179 
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The iron contfeht of NH4 + NO3 — Fe 
piaiits which was as iiigli as that of NO3 + Fe plants 
might perhaps be accounted for by the lower pH of 
the culture solution which might have dissolved 
more ii'oii during the first week and subsequently 
from the impurities of the salts. It might be argued 
that the NH4 4- NO3 plants did not really suffer 
from iron deficiency and therefore the question 
whether these plants can really do with smaller 
amount of iron still remains open. 

Experiment 5 

Seeds were soaked for about six hours on 8/6/38 
and seedlings were placed in apparatus on 15/6/38. 
Treatments were as under, replicated three times : 

(1) NOs+Fe (pH 4-7); (2) NO^+Fe (pH 6*0) ; 
(3) NO;r--Fe (pH fi-0) ; (4) NOs-Fe (pH 4*7). 
pH 4*7 was maintained by adding required amount 
of H2SO4. 

Strengths of the culture solutions are given below : 

j 5^/6__22/6. Same as in Experiment 4 for the first 
week. 

22/6—29/6. Same as in Experiment 4 for the first 
week. 


29/6— 6/7.' N 84 ; KaO = 42.;, P2O, =• 12'3 ; 

Ca = 120 ; Mg ==.48 ; .Fe = 8 p.p.m. 

6/7— 13/7.. N - 105 ; K^O == 44-0 ; 'Pfi, 15-0 ; 
Ca = 150 p.p.m. 

Other elements were as used during the first two 
WTeks. Iron as ferric taxtarate, wuis givcni to ail 
the four series for the first week, after which it was 
omitted from the deficient series. After about 12 
days, the leaves of NO3— Fe (pH 4-7) set folded 
inwards along their midribs and plants from two 
replicate beak^jrs died off. Plants in the third re- 
plicate recovered and after wuvrds they grew fairly 
w^ell, but on account of this early setback tliey 
cannot strictly be compared with the other treat- 
ments. The noteworthy features of these })lants 
were that they did not become chlorotic, wdrilc the 
leaves of the" NO3— Fe (pH 6*0) plants developed 
chlorosis from the third leaf onwards. The root 
system in both ^NOa-pFe (pH 4'7) and NOa— Fe 
(pH 4*7) plants lagged behind those in the other 
treatments in devdopment during the first week 
but later 'many adventitious roots grew^ out and 
presented the same appearance as the roots of the 
mNO plants of Experiment 4. 


Tab,le V 

Mean dry weight in gm» per sample oj six planls on Joj/ joS 
(Mean of three, replicates) 


Table VI 

Mem rate of uptake of nitrogen in mg, by seve n plants 

NO.j— Fe O-O) ; NO 3 — Fe.fpH 4*7) 


9-07 

-i-o:? 

iH)t estiiuatcd 
do. 


NO;j fPe {;fH 6‘0) 


■ re 




a*67o6±n*0o7:> 


The difference due to pH in the NOgd-Fe treat- 
ments is significant. It is not clear whether low^er 
pH or greater uptake of iron is resimnsible for this 
depressing effect. 

The rates of uptake of nitrogen show the same 
differences as the dry weights. As from the second 
week onwmrds the minus iron plants at pH 4*7 began 


.:1.897:|4:0*11::,'{0 . j ' 

to dry up and subsequently died, the rate of uptake 
was very slow in the second week. If we compare, 
howevei^ themTites during first week wdien the 
treatments were identicab except the differences 
in pH, we see that pH had little influence on the 
rate of uptake of nitrate nitrogen. At pH 4*7 it 
wuis 14*64 and at pH 6*0) 14*96. 


0 * 7 () 

16*41 

29-80 
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Table VII 



NO;, ■ Fe (pH 4*7) 

NO.-I Fe(pH 6-0) 

NO;, —Fe (pH 6-0) 

N ();,■■• —I'e ( pH. 4-7) 

Leaf 

0'70() 

0-407 

0-340 1 

0'28o 

Shoal h . . . 

0*49n ' 1 

0-^48 

0-314 . 

(WJHCi 


In this ex]>eriinent the iT‘on content is iniich 

higher in both (/>fl ^>”0) and NO-j- Fe 

(//II G-O) |dunts as con-pannl to the identical series 
of ExjKn-inient I. It is probable that this very 
hiyh content is due to much less growth made in 
tills mxperinient. Although the leaves in the NO3+ 
Fe (//H M) ])iants were a shade deeper green their 
ehiciency in dry matter prodiietion was not evidently 
increased. 

Experiment 6 

Seeds were soaked on 13/7/38 and seedlings set 
lip in apparatus on 20/7/38. Treatments^ were 
as under, each having been replicated thrice : 
N0,+Fe (pH 6*0) ;'N0:r-Fe (pH 4-7) ; NOg-^-Fe 


the chemical analysis of roots for iron impossible. 
The other object was to keep the concentration ol‘ 
iron in the two NO^ — Fe eultures identical during 
the first week so that the plants can have tln^ sana^ 
total iron content. It must, however, be rec(n'ded 
that the shift in pH during the period of 24 hours 
was quite large, that of NH„j — Fe (pH 6*0) decreasing 
by about 1-5 units and that of NO;>“- Fe (pH 4Tj 


increasing by about 1*3 units. In spite of this 


(pH 6‘0); NH,+Fe (pH 4*7); NH,--^Fe (pH 6*0). 


incomplete control of pH, the differences obtained 
were sufEciently striking, although experiments, 
under better controlled conditions, wmulcl certainly 
seem to be more desirable. Out of three replicates 
under each treatment one was reserved for the check<“ 
of pH. The other two were used for the esti- 


mg 


During the first week all treatments w^ere given 
iron as ferric tartarate and also all were maintained 
at pH 4*7 except NO.+Fe ; from the second week 
onwards iron was omitted from the deficiency series 
and the pH values shown in brackets were main- 
tained ])y daily checking and adding requisite 
amounts of sulphuric acid or caustic soda. The 
idea in keeping the pTL at 4*7 in all treatments 
except XO;{+Fe during the first week was this : 
at pH 6*0 and higher than this iron tends to ])re- 
eipitate gradually and the roots are covered with 
a brown insoluble diqiosit of iron oxides, thus making 


mation of the uptake of nitrogen. Although the 
replicate used for the estimation of pH was deprived 
daily of its culture solution by 10 to 20 c.c., the 
deficit thus caused could not be very appreciable 
because the concentration of each element was 
sufficiently large. The concentrations of the cultuie 
solutions used were as under : 


20r 


~a/s 


S/8~ 

10 /8- 


10/8 

-17;8 


Same c-onijjosition as in Experinunit 
4 fV>i* the NO.j and NH,j treatments 
Same eomposition as in Experhneni 4 
for the N().> and XHi Ireatnnml.s 
N=84; K.,()==42; P.,()5-=i2T p.p.m. 
N==10r>; KAI=44-(); lyO.^lA.O p.p.in 


Table VIII 

Meun dry weight in gm . per six plants [mean of three replicates) and water content as percentage of dry weight 

(iL\c.) 'on 17!S>3S'^. Standard errors in VO3 — Fe {pH 4*7) and NO:~ Fe (pH 6-0) ccmld not be estimated 
because the first three and the remaining leaves were weighed separatelg. Js the sample for the first three 
leaves was very small the three replicates were nrighed together. 




Sheatli 

Shoot 

Root 

T)tal 

Nt)., !-Fe (pH <>•()) 

1-9874-F 

1*5786 A 

3-5060::;. 

0-92244 

l-48S4-i- 

d.w. . . . ■ . 

0-1 09 

0-1711 


0-0791 

0-2592 

w.e. .... 

351 

522 


796 


NO — ig' ( pH 4-7 ) 






fbw. . , . , . 

1-7824 

1-4298 

3^2122 

0-92SI 

-!-l40;‘, 

w.e. . . . . . 

20.7 

575 


942 


NO.J- --F(' (pH (i-O) 






d.u'. . . • • ' 

0-7571. 

0-4587 

1-2098 

0-2804 

1-4902 

w.e. ... . . 

204 

652 


900 


NHj : F(' (y/H 1-7) 

l-2r)i9-i- 

M452i~ 

2'397 1 

0-2249-' 

1 2-0220.1.: 

d.w, . . . . 

O-OI 

0-1576 

■ ! 

O'0l4o:r 

0-21 OS 


176 

354 


631 


NH,,- Fe (pH IrO) 

1-5829 -1- 

0'9508J- 

2-.733S . 

0-40094 

2'<i-ii)7.-; 

d.w'. .... 

0-2444 

0-2095 


0-03 nk 

0-4784 

W.t', ..... 

257 

647 


915 

■ ' ' ' ■- 
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The marked effect of higher is indicated by 
tlie increased drv weight of the root system of NH4 
--Fo {/>H trO) plants. One might, therefore, conclude 
with some justification that it is the low that 
inhibits root development rather than NH 4 ion 
per .sc. Not only has the dry weight increased 
but also the water content in every part of the plant. 
The individual leaves also died off more slowly 
than those of the plants grown at pH 4*7. Another 
remarkable feature was that no chlorosis developed 
in the leaves in spite of deficiency of iron, whde 
it did in the case of NO3— Fe (pH 6*0) plants (from 
the fourth leaf onwards). Chlorosis did not develop 
in the NO.— Fe (pll 4*7) plants and they made 
almost as good growth as the NO,+Fe (pH 6*0) 
plants. The NO,— Fe (pH 4*7) plants were also 
characterized bv a short root system with a thick 


bunch of short adventitious roots of the type that 
developed in the N0,+NH4 plants of Experiment 
4 and NO^+Fe (pH 4*7) plants of Expermient 
5. Evidently there was better utilization of iron 

in this case. ^ ^ p 

The rates of uptake of nitrogen followed the 
same trend as the dry weights. As has ahead v 
been pointed out, during the first week all the treat- 
ments, except NOjj’T'Fe, were maintained at pFI 4 7. 
It will be seen that at pH 4*7 there was no greater 
uptake of nitrate nitrogen than at pH 6*0. Similarly 
during the first three weeks there was little 
difference in the uptake of ammonium at pH 4 / 
and 6*0 respectively. Later 011 the plants at pH 6*0 
developed better root system and also their leaves 
did not age as cjiiickly and hence we find a greater 
uptake of ammonium. 


Table IX 

Mea^i rate of uptalce of nitrogen in mg, per seven plants 


20;7-~-27/7 

:}'S— iO'S 
lo's- -i7;s 


' NO,-|-Fe 

• (;)H 6 - 0 ) 

■ NO,— Fe' 

(pH, 6 - 0 ) 

NO,— Fe 
(pH 4-7) 

NH^-i-Fe 
(pH 4-7) 

1 , ■ ■ 

: NH 4 — Fe''':' 
(pH 6-0) 

7-0;> 

6-16 

7-05 

5-90 

7-4(> 

22’74 

14-10 

17-85 

21-42 

1 6-5S 

63-31} 

33-40 

56-43 . 

48-53 

48-87 

119-62 

37-13 

114-87 

52-51 

■ ■ 79*11: 

212-74 

90-79 

196-20 

128-38 

152-02 


Table X 

Iron eonteni in mg. per gm. dry iveigJit 


Treatment 


4*7) 

Xli^—Fe (/>H 6-0) 
XO;,-rFe frO) 

X0:5'— Fe 

X();--Fe 4-7) 


In the NO,— Fe (pH 6 ) leaves the iron content 
wa^ bin-b er than that of the NO.+Fe ones. Although 
the iron content of NO 3 — Fe (pB. 4-7) leaves was 
lower than that of the NO 3 — Fe (pH 6 ) ones there 
was no chlorosis in the former. Although the 
Fe ('/;H 6 ) leaves contained much less iron 
than the NH,+Fe ones thev did not develop 
elilorosis, 


Leaf 

Slieatli 

0-465 

0-316 

0-262 

0-250 

0-395 

; 0^383 

0«456 ((-hlorotie) ' 

0-187 

0-427 (green) 

0-456 

0-329 (upper) 

0-273 

0-589 (lower 3) 

: 

0-694 


The calcium content of NHi-leaves was markedly 
less than that of the NOs ones. At lower pH the 
Ca content was much less in both NO., and NH^- 
leaves. 

Striking differences in the manganese’*' content 
of the plants of different treatments were also 

* .Mangane-se ('i)uld not be estimated quantitatively for 
want of time, 'I’be differences were judged only (|uiditati\'ely, 



XlTi^ATE, AMMOAJtAl A^l) IRON ON. THE' O-BOWTH .OF .THE HIVE PLANT 


2:l> 




iLmid. Tiir* XH 4- plants were characterized bj 
tlin lowest content of manganese. The iiigbest 
('outcnt was ibund in the first three green leaves 
of the XU,j -Fe (/;H fi) plants, followed bv the 
ehloroti(' lt,‘avers of the same. 

TA,BLE',Xr ' 

VaUAum (as (J a ()}' content as pereeniage of drg ireigft 
of leaves ■ 


1 


'fre:* ( nunt 

i.eaf 

i 

Nil, 

h'r .I'Ti 

0*428 

■f 

xiy 

Ee (//H (i-0) 

0*710 

XO., 

r'<‘ i /HI ftOj . . . 1 

1*512 


Xtr, - 

I'V ! //H 4-7 1 . . 

1’.I25 


Oiscnssjox 

A. Influence of light and teinperatme 
We have already noted the differences in the 
type of groA'th curves obtained in diffuse and sun- 
light respectively (Experiments 3 and 4), We 
may now' briefiv refer to the influence of tliis factor 
as well as teniporalure on the other experimenia 
for winch the reJe\’ent data are gi\-en in Table XTL 

Table XII 

Inflaentr oj UgJd attd lemperafure on expemmnts 


..1 



Mean hours 



'rreutnienr 

Mf.'Ui dry 
i weisxlit ^ 

suns hi no 

-Moaii 

teTuperature 





f>(*r day 

4 

X().i 'F.'U'Umii 

; jjfin. 

S*!l 

.srrS'‘F. 


XO,, Eef/H-In) 

' S-4:ln.s 

S-U 

sfi-snx 


Xll, t.F<‘ (yUl 4-7) 

; S-<;:J:il 

S*‘> 

.S()*8®F, 


XO, 10m /H im 


1, :M'» 

78*4^F. 


' ,N'C .• -Fr ( /Uf tl) 

l-su::5 

! ' :{-0' 

i 78>4®F. ^ 

<5 

X'J, F<* (//H (J) 

: -CLSS-t 

4-'.> 

78*7n<’. 


XO.- F.m/HI r.) 

; 3-4S'H5:i 

4-h 

78*7®F. 


X!l, Ft'i/Hr-Crs 

: .. 

4-l( 

78*7®F. 


The influence of both light and temperature is 
evident in the case of XOy+Fe and XO;j- ~Fe treat» 
.rnent-s. The reason why the X’Ojj-- -Fo -j-dunts of 
Experiment 6 produced le.ss dry weiglit Than those 
of Experiment 5, in spite of one inore lioui* oi‘ bright 
sunshine per day, may be that the nieari hours 
of briglit sunshine during the first tw o weeks were 
2*6 and 4*4 hours respectively a.s against 3*9 and 
6*9 hours during Experiment 5. l.ater. alihough 
the light conditions improved the plants cuuid not 
possibly make up because of iron deficiejic}'. The 
NH,|-plants, on the other hand, do not show any 
influence of light and temperature ^iud it is not 
possible to account for tliis result in tlie absence 
of more data. 

A.S we have airc-ady .seen that tin* di*)* weights 
and the total rates of nitrogen uptake \’ary in the 
same direction,, it w'oulcl be iiiterestine to compare 
the weekly rates of nitrogen uptake w'itli t.he w^eekly 
means of hours of ImiLdit .sun shim* ])(:*!* dav (Table 
XIII). 

It will be seen that there is a close correiation 

i.n the case of X 034 -Fe and NOo"- -Fe treatments 

only. It is not suggested that light intensit 
influences the absorption process. The latter is 
fluenced through the acceleration of the growth 
rate by a higher light intensity. 

B. Iron chlorosis 

The percentage iron content of chlorotic leaves 
has been found to be nearly the same as or lower 
than that of green leaves and it is generally held 
that iron exists in an insoluble and therefore un- 
available form in chlorotic leaves. Indeed, sap 
analyses have invariably shown that green leaves 
contain more soluble iron than chlorotic leaves. 
Olsen [1935] found very high total pho 


Table XIII 

Cornpaiison oj aeelh/ laJes of nitrogen apfale and v'eekljj means of hours of hr per dag 


Ist \v(?ek gud ',ris.vk | Brd \v(!ck | ttli week 


flours of bright siuishiue 
14* (ExpeHuienf -I) 

Hours of bright suiisiiiju* 
(Experiment H) 

XO.,-Ke 

Hours of brigiit sunsiiiiK^ 
N0'» f'14- (Fxperinienl 
no' A Vo 


S-8 

bb41 

7*0 

:]:h40 

48*5.4 

5i*.4!l 
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Beckenbacli [1937], however, did not find any such 
relation in chlorotic leaves. With a view to testing 
this point the pH of sap of plants of Experiment 
6 was estimated by means of ' Wniff pH tester h 
In a few drops of the extracted sap a small strip 
of indicator foil was dipped for about a minute 
and the colour developed in the strip matched with 
standard colour strips. The results are given in 
Table XIV. It will be seen that there is no associa* 
tion between chlorosis and pH. It appears that 
although other workers have found a much higher 
base content associated wdth chlorosis, they have 
not regarded this as of any significance. Eroni 
an inspection of the data of Wadleigh and Shive 
[1939] and Olsen [1935] on corn grown in nitrate 
culture it appears that the total base content and 
soluble iron content are negatively correlated. 
Tbe percentage ash content of different plant tissues 
from Experiment 6 also show the same trend 


content associated with chlorotic leaves and he 
held that iron was, therefore, precipitated as ferric 
phosphate. Since phosphorus exists in the leaves 
in several forms and combinations, Olsen s suggestion 
would seem to be far too simple. ^ Wadleigh, 

Robbins and 1 

their observation of an 
soluble phosphorus 
accorded with 01seii\s i 
is not evidently true. 
that manganese by stimulating' 
converts iron into an 
does not seem to 
in the present wor' 
in much higher c 
green leaves < 

[1931] observed that there w 
between hydrogen ion 
iron content in tissue fluids, 

Oserkowsky [1932] and Wadleigh 


Wadleigh, 

Beckenbach [1937]" believed thar 
" ...1 association between high 
content (in sap) and chlorosis 
suggestion ; this, however, 
Chapman [1931] suggested 
oxidase action 
.... insoluble ferric form. This 
account for chlorosis observed 
as manganese was found to be 
...mcentration in the first three 
of chlorotic plants. Ingalls and Shive 
“ , ras a direct relationship 

concentration and soluble 
Chapman [1931], 
Robbins and 


Table XIY 

pH of sap of plants of Experimen t 6 


Table XV 


Percentage ash content of different plant tissues from Experiment 6 

Treatment- 

pH 

l.eaf 

Sheath 

Root 



4.7 


4*0 


’ ' 





y 

6*0 

8-7 

' ' 9^2 


XO,-hFe 

6*0 

■ 6^4 

(>*6 

• * 

N0;> — Ft- 

(10 

12*9 (eliloroti<*) 

14*0 

M7 



11*2 (green) 

5-1 

.■ . ’ * •' 


4U 

6»5 , 

7*9 

0*7 , 

„ . 

4*7 

4*0 (first three) 

1*0 

•* 


;pH of (ml t lire sol ution 

Treatment 

Tissue 


6*0 

— — ^ ^ ! 


Leaf 

6*2 

RT 

4-7 


NH4-f-Fe 


5*6 

4*7 


NO;,— F.; 

*' 

(It) 

6*0 


1 

•I 

0*2 

(rO 



R oot 

■ 6*2 . 

6*0 


NO;,-~~Fe 


. ■ 6*2 

6*0 

. ■ , . . .. 


Leaf 

-6*2- 


237 
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' Tlie total uptake oi ash by , NOg— Fe (pH 6*0) 
.plants amomited to 190*6 mg. per sir plants and 
by NOa—Fe (pH: :4*7) plants to 270*6 mg. , whereas 
tie total, dry weights were 1*49 and 4*14' gm. res- 
pectively.. :in Table X¥I is shown the distribution 
of iron in plants from Experiment 6. At pH 4*7 
distinctly higher amount of iron has been absorbed 
and this might have been supplied from impurities 
in the culture solutioii remaining dissolved at the 
lower pH. It may be noted that 55 per cent of 
the total iron content was retained in the roots 
of plants at pH 6*0 as against 38 per cent at pH 4*7. 
The differences in the sheath are similarly wide. 
It appears as if iron is not transferred as rapidly 
from roots at pH 6*0 as from those at pH 4*7. It is 
worth recording that subsequent to the change in 
pH from 4*7 to 6*0 after the first week of the experi- 
ment the roots elongated considerably more within 
48 hours. How this root behaviour is associated with 


the retention of a larger proportion of iron in the 
root is difficult to ^usualize. Is it possible that the 
relatively larger absorption of other ash consti- 
tuents at pH 6*0 interfered with the transport of 
iron ? The data presented in Table XVII bring 
out .this point more clearly. It will be seen that 
the water content per unit quantity of ash is consi- 
derably less in NOa—Fe (pH 6*0) leaves. The 
question may well be raised as to why greater uptake 
of ash did not take place Jn the NOs+Fe-piants 
maintained throughtout at pH 6*0. With the data 
at hand it is difficult to answer this question. It 
can only be surmised that pH 6*0 per se cannot 
have stimulated the uptake of ash by NO a- — Fe- 
plants. The question whether better utilization 
of iron could occur at the lower pH is also not suffici- 
ently answered by the data at hand. Experiments 
with highly purified salts and direct estimation of 
iron in such a culture medium can settle this point. 


Table XVI 


of iron in plants from ExpieHmcni 6 


NOg — Fe (/;H 6*0) 


KOg—Pe {pE 4' 7) 



Absolute 
iron content 
in mg. 

Percentage 
of total 


Absolute 
iron content 
in mg. 

Percentage 
of total 

Pirsfc three irreen leave.s . 

0-07122 

4-3 

First three green leaves . 

0-09200 

5*0 

(Florotic .leaves 

0-26643 

29*9 

Remaining green leaves . 

0-53500 i 

32*0 

Sheath (ehlorotic) . . . 

1 0*06674 

I 6*8 

Sheath (remaining leaves) 

0-36127 : 

21*0 

Sheath (green leaves) 

Root .■ . . . . 

! 0*04(>41 

[ t-0 

Sheath (first three green leaves) 

0-07384 : 

4-0 

0-53S45 

1 55 '0 

Root . . . . . i 

0-65061 1 

38*0 


0-08925 

100*0 


1*71272 

100*0 


Table XVII 


Water, iron and ash contenls of leaf 



XO, ” I’c 
(jtUi r>- 0 ) 

NO.,— I'e 
(;Ui 4*7) 

NO,,4-Fe 
{pW 0-0) 

Water content in ms. per 
unit leaf area in sq, in. 

JM37 

10*09 

17*70 

Iron content in Y* unit ; 

loaf area in sq. in. | 

i*sr> 

1*04 

2*70 

Ash in mg. per unit leaf area j 
in aq. in. i 


(l-BS 

0-45 

Water content in mg. per | 

22-20 

42-00 

89*S0 


" .'-.' m.g.''asL ! 

Y’" (gainJiiA) ifJ to 0-001 mg. 

The data on the first three green leaves of the 
— Be (pH 6*0) and on the corresponding ones 
of the pH 4*7 treatments are interesting and are 
presented in Table XVIII. 


Table XVIII 


Iron, wafer and ash contents of the Jirsi three green 
lecwes of NO^ — Fe (pH 6*0) and (pH 4*7) 



NOa-^Fe 
(/)H (Hi) 

(pH -4*7) 

Iron content in v per unit area (sq. in.) 

.1U*0G 

13*73 

>Vator content in mg, per unit area ( a ) 

41*90 

1 . 42’2G ■ 

A.sh content in mg. per unit area ( „ ) 

. . 2*80 

(}-986 

i)i y weight in mg. per unit area ( „ ) 

23-20 

I 24:-l)7 


Again the difference in ash content is very striking. 
This liigher uptake of ash must have occurred after 
the first week of the experiment when the pH wvas 
raised to ‘6*0. Presumably iron existed in a soluble 
and available state during tb^ first week with the 
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result that tiiere was no interference with the develop' 
rnent of chlorophyll. 

It has alrGa<lv been }>oint(‘d out. that no chlorosis 
developed in the leaves in the cultures 

(Experiinonts -1 and 6 ), although their iron coin 
tent was nearly oO ])ei* cent less (Tables lY and 
X}. In Ex])criinent 4 the pH of both 
eiiltuies was 4*7 and tlioy gave equally good growth. 
Ill Experiment 6 , liowever, the plants in the treat- 
ment XHj --:Fe (pH 6*0) made much better growth 
than those in the treatment NIi.i+Fe (pH 4*7). 
Can the plants grown in XH,. cultures do with a 
smaller concentration of iron ? Wadleigh, Eobbins 
and Eeekmil)ach. [i9d7] observed that maize plants 
grown in XHj cultures were relatively free from- 
chlorosis as compared to those grown in X 63 cultures, 
while Caertner [1937] did not find this to be the case 
with maize and II horlensis and Eosp [1938] 
with maize, BiciKus coin iind Lupinus alba. It 
mav b(‘ noted, liowever, that the latter two workers 
altogetiier omitted iron from their cultures. Under 
the cultural conditions adopted by the autlior the 
])Iants in NH. cultures did not make as good growth 
as those in cultures and probably the effecT of 
iron d(‘ficiency was masked on this account. 9 bus 
the r|uestion whether XH j plants could do with less 
amount of iron would appear to remain opeip 
Xeisivs [1939] observation i.s iiiteresthig in this 
connection as he finds that copper, iron, phosphorus 
and ammonium salts are concentrated to a certain 
decree in the chi crop lasts while sulphate and nitrate 
do not follow any general laile. Is it possible that 
iron exists in a soiiibie state within the chloropkst 
bv combining with some ammonium' compound ? 

U, Groirth of rice jihud n/. NB i cidf'yres 
it has already been noted that pH had little 
influence on the rate of uptake of ammonium and 
that tlie plants were characterized by an unhealthy 
root system and rapid senescence of the older leaves. 
Jacobson and Swanback [1933] bund in tabacco 
grown in a mixture of nitrate and ammonium a 
form of root rot which increased in severity as the 
proportion of the latter increased. Low pH (4*7) 
would seem to he mainly responsible for this as the 
data of Experiment (Vindicate. At this pH the 
.root growth slowed down in both nitrate and amniO' 
• nium cultures and later adventitious roots grew out 
profusely in the former while they just emerged but 
did not elongate in the latter. Apparently the 
supply of carhohydrate hecame limited since it is 
generallv held that ammonium depletes the leaves 
consideraldv of their carbohydrate content 
[Xightingale, 1933-34, Bideris ci 1938]. It is 
also probable that the balance of uptake of other 
mineral elements might have been adversely influ- 
enced as the calcium content (Table XI) and the 
ash content (Table .XY) indicate and this might 


in tiim idTected carixdtydrate metabolism^ 

Jacobson and Swanback |1933i found ihat increased 
proportion <>f nitrate* oV('r amimmium resulted in a 
larger pcieeutage ol caiciuni in tlie plant mate? la! 
and Holley, PickoUt and Duliu 1 193.1 [ observed that 
ammonium (bdinitely reduced (‘al<*nim absi.u'ptiou 
by cotton, it is also significant that th(*re was no 
response to higher light 'intensity in Experiment 4 
as compared to Experinnmt 

SvMMAnv 

Experiments with rice in both dilfuse liulit and 
sunlight were carried out in coiu}>let<' (*idiuo‘ .solu- 
tions" containing ammoBiuni and nitrate idiiogeu. 
In difluse light (not direct sunlight) the relative 
growth rate was found to fail continiuilly vuth tiuu* 
and the uptake of both forms of nitrf)gen we.s low, 
whereas in sunlight the total dry weight increased 
more or less exponentially and the u])ta.ke. of uili'ogeu 
was high. It is suggested that light iiiterisity might 
have been a limiting factor in the low nitrogen up- 
take and the small amount of growth repouti d hy 
previous workers. 

The source of iron appeared to be rtdatr'd to tie* 
poor growth and chlorosis resulting in nitrate cult ures. 
With ferrous aulphate the nitrate cultures gat'c miudi 
better growth than witli ferric phosphate. \Wth 
a suitable source of iron it was possible to gj-ow plants 
in a nitrate culture solution u]) to the flowering 
stage even in difiuse light although no tillering 
occurred. In sunlight tlie nitrate plants produced a, 
large number of tillei'S and all of them fiov'ered. 
It "was not possible to grow healthy jjlants I’or 
long in ammonium cultures at low />H. 

In an experiment wdth different eompl(‘te culture 
solutions consisting of ( 1 ) ammonium, ( 2 ) anunonium 
d-iron, (3) nitrate, (4) nitrate iron, (A) ;unmo- 
nium-|-nitrate-riron and (t>) jimmoniumd-nitrate 
respectively, chlorosis de^'eloped in (3), root develop- 
merit was restrictetl in ( 1 ) and ( 2 ) and the root systeju 
was short but profuse in (5) and (G). 

In another experiment with comphde cultine 
solutions consisting of ( 1 ) niti-ate at /44 G* 0 , ( 2 ) 
nitrate+iron at />H G*(), (3) nitT'ate at pH 1*7^ 

( 4 ) ammonium at pH irO. and (5) anunonium -f-ii on 
at pH 4*7 respectively, chlorosis develo]H*d in (J)^ 
the plants grew equally well in (2) and (3) and the 
plants in (4) developed (piite a liealth}^ root system 
and the -leaves did not age rafhdly as compared 
to (5). 

The difterences in dry weights and rates of nitjogen 
uptake, obtained in riifferent nitrate euhures a 1 
di.fferent times, appeared to be correlated with 
differences in tlie mean nunilier of hours of bright 
sunshine during the experimental jieriod. 

It appeared that pH not only 'profoundly influenced 
the uptake, of mineral elements but also tlie cliarai*- 
ter of the root system. During comparable growth 
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stages j)H did not iiitiueiice the rate of uptake -of 
either nitrate or amiiionnun nitrogen. 

Chiorotic leaves showed a miicli greater rednctioii 
in dry weight than in area. The iron content, on 
dry weight basis, tlierefore, appeared as high or even 
higher than that of green leaves. On leaf area basis 
the diherences in ash content, water content and 
iron content were noteworthy and it is suggested 
that chlorosis was brought about not only reduc- . 
tioii in iron .content but atso by depression of its 
solubility hy liig.her a,.s,h con,tent and lower, ■ water *■ 
conteni per unit area. • 

Although there was soriie evidence that ammo- 
uiiiin ] )iauts con id thrive on a much smaller concen- 
1 ration of iron in the culture medium, the question 
still remained open. 
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«TUU1KB UN THE VIEUS DISEASES OF POTATOES IN INDIA ' 

11. BOLANUM VJEUS 2 (ORTON.) 

li.v R. Bajiaf Va«U 3)EVA, B^^ed Potato Prodxiction Ofiicer, and T. B. LAL, Assistaiitf Section of My 


and Plant Pathology. 


Imperial Agriciiltiiral Research Institnte, New Delhi 


(Recadved for pu])iication on 28 October 1944) 
(With Platen IX and X) 


Solan r.M vinus 2 {Potato virus Y, Smith) was 
recovered during analytical work on ]>otato Auruses 
from potato ])lants of Iduilwa variety showing either 
negligible mosaic and veinal necroses or severe 
mosaic* only. The virus was also cultured from plants 
of Gola, MujcLstiCj President, Windsor Castle and 
Talisman (Uj)-to-date) varieties showing mosaic 
and Aadnal necroses followc^d by acro])etal necrosis. 
All the varieties excej)ting certain Phiilwa plants 
showing negligible mosaic and \''einai necroses yielded 
a mixtu]*e f>f Solamun viruses 2 and I . The composite 
nature of diseases in these varieties was indicated by 
specific reactions on certain plant indicators. The 
separalioji of Boluiuim virus 2 from the mixture was 
effected by passage of the com])le.x through Petunia 

The sym])toins exhibited by potato plants of some 
of the varieties from Avhich Bolanuini virus 2 was 
isolated are described below. 

Phidwa. The virus in this variety was isolated 
from plants showing two different types of symptoms, 
i.e. negligible mosaic with veinal necroses and 
severe' type of mosaic. In tiio former case the 
growth oi‘ plants is seldom stunted. The plants 
appear normal and it is hard to read the mosaic 
symptoms on them. Yeinal necroses is present on 
the under surface of the leaflets. Necroses may 
coinmeuce on the midrib or the minor A^eins and 
often reach the petiole, though the occarreiice of 
leaf-d ro p strea k h as not so f ^ir been ol .'served . LeaA^es 
a-ffected with A’^einal necroses show palish streaks 
along the midrib and the veins on the upper surface 
indicating corresponding A^einal necroses on the 
under surface. The texture of the leaves is unaltered 
but the leaf apex and sometimes even the leaf margins 
tend to point doAvnAAUii'ds. The general colour of 
the foliage of the affected j)]ants, except those shoAving 
sev’ere symptoms of infection, is not appreciably 
changed and the disease may, at, times, pass off 
unnoticed failing a careful examination. Plate IX, 
tig* I shows a Phuhva jdant leaf with veinal necroses. 

In the case of soA'ere types of mosaic there is intense 
mottling of the leaf surface. Palish or yellowish 
areas are visible all over the leaf surface except in the 
centre where a small ])atch of green may persist. 
Bomebimes the whole leaf may turn yellowish. The . 
plants are stunted and the leaflets are greatly reduced 
in ahe, show distortion and puckering,, and develop 


purple colour. The general appearance of the foliage 
is extremely pale. Vein bending is frequently observ- 
ed and may at times be y&ry prominent. The leaflets 
are AA^rinkled, thick, at times ainiost saucer-shaped 
and birttle. Necrosis is absent, 

Gola. Plants are stunted and assume an erect 
Imbit. The upper leaves show negligible or mild 
mottle, reduction in size, thickening and some dis- 
tortion. Lower leaA^es are not appreciably reduced 
in size. The leaflets are thick and brittle and their 
tips point in a doAvnward direction. Brown or dark 
broAvn A^einai necroses are observed on the under 
surface of leaves. In severe cases the necroses may 
extend to the petiole and resnit in leaf-drop streak. 
Later on the necroses may be A^isible on the upper 
surface of leaves. Some leaves may even show 
necrotic spots. Plate IX, fig. 2 shoAvs a plant of 
Gola A^ariety affected with leaf-drop streak and ffg. 3 
shows leaflets of the plant with A^einal necroses and 
necrotic spots. 

The symptoms of the disease in general in potato 
varieties Majestic, President, AVindsor Castle and 
Talisman (Up-to-date) resemble those described for 
Gola. 

The reactions of the cultures of the virus obtained 
from different potato A-arieties AV'ere studied on 
differential hosts and it AA^as observed that the symp- 
toms produced by different cultures on the differen- 
tials were almost similar. 

The properties and reactions on diff'erential hosts 
of the Aurus originally isolated in a pure form from 
a plant of Phuhi^a variety shoAAung mosaic and A^einal 
necroses are reported. 

Reaetions on differential hods 

A study of the symjxtom expression of the Aurus 
AA^as carried out on a selected range of solanaceous 
plants including Nicotiana tabacum L., Nicotiana 
glufinosa L., Nicotiana sylvedris Spegaz and Comes, 
and Nicotiana rustica L., patiira stmmomum L., 
Solanum. nodiflonon Jack., Pehmia h/brida Vilni. 
and potato variety President. The reactions of • 
the virus on these hosts are described. 

Nicotiana tabacnim (varieties Harrison’s Special 
and White Burley). Primary symptoms of infection 
are visible about 15-17 days after inoculation in the 
form of clearing of the veins of young leaves. A 
couple of days later, vein clearing becomes verv 





SSfliS? 




Leaves of Nicotiana tdbaoum showing vein clearing and green vein-banding 
Leaves of Nicotiana glutinosa showing green vein- banding 
Leaflets of Potato variety President showing veinal necroses 
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distinct. Aifter a turtlieivperiod of Ai bout foin* days 
vein-clearing tends to fade and is followed In' a 
darkening of the green colour in the tissues alGiig the 
veins. Green vein baliding which is usually very 
prominent is fi characteristic symptom of infection 
by this virus. (Plate X, figs. 1 and 2). 

^ Nicotimta ghitdnosa, Primary symptoms, i.e. clear- 
ing of the veins of young leaves, occur in about 15 
days after iiiocuiation. A week later vein-clearing 
disappears and is replaced by green vein-banding. 
At times leaves also show some di.stortion (Plate X, 
%• 3). 

Nicotiana nistim and N, Si/lyesiris. Clearing of 
the veins of the young leaves commences about 17 
days after inoculation. About 2-3 days later it 
becomes quite prominent and appears as chlorosis 
uloiig the veins. Later green vein-banding occurs 
and is prominent on almost all the leaves. 

Solanum nodiflorum. In about 15 days after 
inoculation leaves begin to show slight mottle along 
the veins. This later appears as distinct veinal 
mosaic characteristic of this virus. 

Petunia liyhrida. The first symptom of infection 
which appears about 16 days after inoculation is in 
the form of vein-clearing of youngest leaves. Darken- 
ing of the green colour along the veins is a subsequent 
development and is usually quite distinct. Leaves 
may at times show some distortion, 

Batura stramonium. Efibrts to transmit the 
disease to this host by mechanical inoculation were 
unsuccessful. It was made sure by back inocula- 


tions to Nicotiana tahacmn tlmt the disease was not 
carried. 

Potato variety President. Infection of this host 
takes place about 12 days after inoculation when 
small necrotic spots appear on or near the veins. 
These later develop into streaks along the veins on 
the under surface of the leaf followed by distinct 
veinal necroses. The necroses then progress towards 
the petiole and finally result in leaf-drop streak 
(Plate X, fig. 4), 

Propebties of the virus 

Thermal inactivation. Exposure of tlie virus for 
10 minutes in a water bath at various temperatures 
shows that the virus rapidly begins to lose activity 
after exposure to a temperatuie of 50*^0. and at 54°C. 
the virus becomes innocuous. 

Toleration to dilution. Iiiocuiation of young 
tobacco plants with freshly extracted juice from 
diseased plant leaves as well as wdtli juice diluted 
with sterilized distilled water showed that the iiifecti- 
vity begins to fall at a dilution of 1:100 and the 
virus is rendered innocuous at a dilution of 1:1000. 

Longevity in vitro. Standard extract of the virus 
stored at laboratory temperature (29®-34*5'^C.) was 
rendered innocuous after 24 hours whereas when 
the extract w'as stored at a lower temperature 
(8®-10^C,) it remained active for 32 hours and com- 
pletely lost its infectivity after 36 hours. 

The results of the experiments are suorniarized 
in Table I. 


Table I 

Properties of the virus 


Thermal inaotivatioii 


Xo. of plants | 


Exposure tempera- 

txu’e C. Inocu- Infect- 

lated ed 


UnheattKl control 
40 

45 ■■ ■ . ' . ■ : . . 


Toleration to 

I 

dilution 

i 


No. of plants j 

' ! 

Dilution 

Inocu- 

lated 

Infect- 

ed 

Nil (Control) 


3 

1:10 . . . ' 

3 

3 

1:50 

3 

3 

1:100 . , 

3 

. 2' ' 

1:200 . . . 

3 

2 

1:500 . 

3 

1 

1:1000 . . . 

3 

■ 0 ' 


Loni[(e\'itv in vitro 


Storage period 


Fresh standard ex 
tract . 

4 hoar.s 

5 ,, 

12 ,, 

24 „ 

25 ,, 

32 

3B „ 

48 • 

72 ' ' 


No. of plants 


Inocu- Infect - 

lated ed 


Filterahility. Standard extract prepared from the 
young infected tobacco leaves was filtered through 
Chamberland filters of different grades (L^ — Lg) 
and it was found that the extract after passage through 
the candles had been rendered inactive. The 


filteration vras carried out under reduced pressure 
of 1/5 atmosphere. 

The reactions on differential hosts and the proper- 
ties of the virus show that it is identical with ^olanuiu 
virus 2 (Potato virus Y). The occurrence of tbjs 
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uous. The virus is also rendered innocuous 
dilution of 1:1000 and after storage at room 
Bratnre for 24 hours. It is held (jack during 
ge through Chamberla lid filters (lu-L,)- 
ft virus is identical with Solniiiim vints 2. 


‘ported by Pal f 1943] as a 
of diseased Phulwa plant 
England. However, the 
.•roses on Phuhva plants, 
character of this virus on 
not observed. 


virus ill India wa.s ohco i 
re.sult of the examinatioi 
tubers by Salamaii in 
occurrence of veinal ue 
an important diagnostic 
certain potato varieties, was 

SUJUIABY 

The properties and reactions on differential hosts oi 
a \-irus isolated from potato plant of Phuhva vanetr 

are reported. ., „ 

The virus rapidlv begins to lose activity attei 
eicnoaure to 50^(1. and at 54°C. the virus become; 
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Diseases of Potatoes in IiKlin 


(Beceived for publication on 4 beptern her- I v) 

{AVith Idate XI HiK^ 

scheme financed by the Imperial appears that the genus CfMW is charact 
iltund Research for a preliminar}- uniform cbromosomo uumboi of .^x-l. . 

the cvtologv of papaya, with a n.nrmt ot 

uent study sex iiieritance, was PuKviors wouK ox C-wm m i- 

of AaTiculture, Poona, in The earliest contributions to our kn 
le was to histology of Carica papaya were inacl 

types in | ^907] and Kratzer |191B] both of wlioni h; 
there ar(‘ cleYelo])inent of the enil}r\’o-sae Ih 

n‘pholog>' found tliat the niicropylai* cell of the t 
could be ]*ise to the eiiibrvO“Sa.Cj while Kratzer [191 
ait paper of the tetrad niight funct: 

gation. to til e ernbryo-sac. In 1921, Heil 

orie of the first iniportaiit contributions t 
logr and einbi'yology of a few species, 
has been He’ examined cytologically four species 
reviously namely, C. cJaysopefala, €b 
iioraceae, and 0. papayai ia ^o 

though the di|.)loid number to be eighteeii. rieii 
with the describes the development of the end 
ses about C. papaya which is rathe’ vOiit of the n 
American megaspore mother cell divides, l>ut no 
Kcept the formed and consec|iiently no tetrad torm 
racterzied place. Botli nuclei divide again to give 
ms flower and of these four, one divides agaiit 
limber of embi*yo-sac is produced with five, 

7. chryso- which form the egg apparatus, w hi I 
is' [Heih two nuclei may be considered as poiai nu 
ptibescerts no fusion of these two nuclei TOs 0 
lecaphylh fertilization, a non-cellniar endosperin ii 
. papaya and later the egg-cell divides and gives 
budies), it einhvA O. In (7- chry^ 

species lacking male flowers, Heilborn [H 

of cV/WfVf ^ l)i-nucleare embryo-sac, each mic 

hil Council pliromosomes, He has also obsf 


The genus VAitiaA 

The botanical relationship of this ^ 
the subject of much discussion and it 
been classified nnder the families 
Cucurbitaceae, Bixaceae and .Pa]>ay 
it is now placed under (.-aricaceae i 
o-enus Jacaralia. The genus Carica c< 
40 species all of wliich are indigenous t 
tropics, and are described as dioecio 
cultivated species C. papaya^ which i 
bv a variety of sex types possessing 
types. Judging froin the chroiuoso; 
the seven species hitherto investigai 
fdda, C. 'penta^jona nnd C cundaw. 

bovn, 19211, C.,quercifoha f&torey 194 
rKuiuat and Abraham, 1942], (- 
rKunlav and Srinivasan. 1944], ai 
(reporteil in this paper and m prev : 

^ Findings of lliu investigation into the e 
pnpai/a TJnUm a scheme iinaneed ]iy the 
jV cn'icultui'iil ih‘sear(di 
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large ovules with no arcliesporial ceils, ovules with 
degenerating embryo-sacs and many ovules with 
weli-developed embryo-sacs. In G- p^ntagonUy an- 
other parthenoca.rpic species lacking male dowers, 
normal reduction divisions were observed by Hell- 
born [1921] in some ovules. Reduction division in 
0- canduniarcefisis and 0. papaya was found to be 
quite normal and in a single embryo-sac mother 
cell of C. papaya he had seen quite normal diakinesis. 
Meurman [1925] in a study of the chroniosome 
behaviour of some dioecious plants with reference 
to the sex chromosomes has recorded the presence 
of nine gemini in the pollen mother cells of Carica 
papaya and the absence of any sex chromosome pair 
ill them. Sugiura [1927] in a vStudy of the rneiosis 
of pollen mother cell of C. papaya confirms Meur- 
man^s [1925] observations besides reporting the 
formation of a multipolar spindle. Various investi- 
gations carried out by Sakarai [1929] to correlate 
sex with external characters of seedlings gave nega- 
tive results. In 1930 Lindsay investigated 0. 
papaya Midi came to the conclusion that no evidence 
could be found foi^an unequal pair of chromosomes 
in the division of the pollen mother cells. Asana 
and Sutaria [1929] in a study of the development of 
pollen in 0. papaya found the meiotic chromosome 
number to be nine and also reported the occurrence 
of multipolar and tripolar spindles. Agharkar and 
Banerji [1930] have traced the development of 
embryo-sac in 0. papaya. They found that the 
chalazal cell of a linear tetrad of megaspores gives 
rise to the mature 8-nucleate embryo-sac. Gene- 
tical studies in C. papaya of great importance were 
carried on independently by Hofmeyr [1938] at 
Nelspruit, S. Africa, and by Storey [1941] at Hawaii, 
on the inheritance of sex-forms and they came to 
identical conclusions. These studies have shown 
that (1) sex-determination in papaya could be ex- 
plained in terms of simple Mendelian factors, (2) 
the female represents a homozygous recessive geno- 
type, while the male and the hermaphrodites are 
enforced lieterozygotes, (3) all combinations of 
homozygous dominant geno-types are lethal to the 
zygotes, (4) sex determination may be said to be of 
the XY type (i.e. male and bisexual XY ; female 
XX), and (5) fertilization is entirely at random and 
there is neither differential selectivity nor differential 
viability among gametes. Linkage studies have 
shown that the sex factors for the different types 
occupy the same locus on homologous chromosomes 
along parts of which crossing over occurs freely. 
Their [Hofmeyr, 1938 and Storey, 1941] cytological 
observations led them to the conclusion that no 
heteromorphic pair of sex chromosomes is to be 
found in papaya. Storey [1941] in a bulletin gives 
a summarv of all the work done up to 1941 on papaya 
in Hawaii, where investigations have been actively 
pursued for the past 30 years, and also his findings 

ni-MH 


on the cytology and genetics of 0. papaycL The 
different sex types and flower types observed in 
C. papaya have been fully described in a recent 
publication [Kumar and Abraham, 1942]. 


Mateeial and method 

Papaya plants growm in India are usually from 
seeds of non-descript varieties, sometimes named 
after the locality of its ojigin, but in most cases of 
a mixed and unreliable type. On this accoimt, 
well as to make the study as comprehensive as 
possible it was felt necessary to obtain seeds from 
reliable sources in various countries and grow them 
in Poona for collecting material for cytological 
studies. Requests for seeds were accordingly sent 
to Agricultural Stations of most of the tropical and 
sub-tropical countries, where papaya is cultivated. 
The response to this was very good and more than 
100 samples of seeds of different varieties were 
obtained. Fifty of these varieties selecting at least 
one sample from each country were raised in Poona. 
Some of these produced interesting sex forms and 
all material for this work was obtained from these 
plants. The object in growing such a large number 
of varieties was to find whether geographic isolation 
and effect of various climatic conditions have affect- 
ed the chromosome make-up of the species, the 
original home of which is known to be South America, 
from where it has spread to the various tropical 
and sub-tropical countries in the world during the' 
last three centuries. 

Considerable diflficulty was experienced in the 
beginning in obtaining good cytological prepara- 
tions by using the common fixatives and staining 
methods. This was found to be mainly due to 
the presence of a large quantity of easily coagulable 
latex in the cells of even the floral parts. Attempts 
at dissolving the latex before or during fixation 
interfered with proper fixation. After trials with 
several chemicals, it was found that a modification 
of Bonin’s fluid at a temperature of 35°C., applied 
after pre-treating the material for 2-3 minutes in 
Winge’s Picro-carnoy, also at the same tempera- 
ture, gave quite satisfactory results. Staining was 
mostly done by the iodine-gentian- violet method* 
But as this stain though unsurpassed for clarity 
and transparency of chromosome figures tends to 
fade rapidly after about six months, several new 
modifications of staining have been tried. One 
new method which gave good preparations is des- 
cribed below. 

The slides are brought to water and then mordant- 
ed for about an hour in a mixture of equal parts of 
five per cent ferric ammonium sulphate and five 
per cent ferrous ammonium sulphate ; then washed 
in running water for 10 minutes and stained in 
haematoxylin made according to Earle’s [1939] 
formula, for about five minutes ; then destained 
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in the first mordant diluted with equal part of water 
till the cytoplasm is clear and the chromosomes are 
stained only a light bluish black ; next, the slides 
are washed in running water for about 15 minutes. 
After completing this abbreviated schedule of haema- 
toxylin staining, the slides are stained with iodine- 
gentian- violet in the usual manner. This superim- 
posing of gentian-violet stain on a light haema- 
toxylin background gives a much better preparation 
than either of the two stains applied alone, parti- 
cularly for prophase stages which are difficult to 
stain in plants in which chromosomes are very small. 
It has been noted that some preparations stained 
early in 1941 by this schedule still retain clearly 
the stain after three years. 

For the detailed study of the morphology of 
somatic chromosomes, Lewitsky and others found 
that a fixative without acetic acid followed by tbe 
Feulgen staining was the best. This was parti- 
cularly so in plants with small chromosomes. As 
in papaya the chromosomes are very small, it was 
thought that application of this method would 
reveal the details of morphology of the chromosomes 
more clearly than other methods. Kepeated 
attempts at trying Lewitsky ’s methods failed to 
give satisfactory preparations and so the common 
fixatives containing acetic acid in various propor- 
tions had to be used. While this followed by 
gentian violet staining gave good results for study 
of number and gross morphology of chromosomes, 
the finer details were not always clear. Another 
method which gave good preparations may be men- 
tioned here. Root-tips were fixed in Lewitsky's 
chrom-formalin mixture. The slides were taken 
down to 70 per cent alcohol and left overnight in a 
jar of 70 per cent alcohol to which a little lithium 
carbonate had been added. They were then brought 
down to water and stained with crystal violet for 
about two hours and then destained in the usual way . 

Anthers of correct stages were smeared and fixed 
in Belling’s Navashin for two hours, after which 
they were washed, taken up to 70 per cent alcohol 
and left overnight in 70 per cent alcohol with a 
little lithium carbonate. They were then stained in 
crystal violet as described above. This method 
gave particularly good preparations in which large 
number of p.m.c.s with Meta phase I plates were 
obtained. Both side views and polar views of first 
metaphase were obtained. In the side view of 
Metaphase I plates, the chromosome complement 
of a number of pollen mother cells could he clearly 
analysed and the polar view of M-I plates exhibited 
very clearly various types of secondary association. 
These methods were supplemented with aceto- 
carmine smears, which facilitated examination of a 
large number of plants. 

For the study of megasporogenesis, slices of ovaries 
of different stages of development were fixed either 


in hot corrosive sublimate, formalin-acetic-alcoho! 
or in Zenker’s fluid after a minute’s prefixatioii in 
■Winge’s picro-carnoy. They were sectioned at 
thicknesses varying fToiii 8 p to 14 and stained in 
Haidenhain’s iron-aluin haematoxylin. 

In Table I is given a list of tbe different varieties 
of papaya tbat liave been examined cytologically 
and their source, and also the chromosome numbers 
of two other species of Ckirica namely fuhescens 
fmdi dodem'phylla. 

Observations 

The meiosis in the pollen mother cells of twenty- 
one varieties of papaya have been examined by 
permanent preparations. Meiosis of three of these 
(variety Nos. 15, 46 and 99) have been studied in 
the hermaphrodite also ; while in one — variety No. 
46 — meiosis has been studied in detail in all the 
three sex types, viz. male, female and hermaphrodite. 
In addition to these, a few more varieties have been 
examined both in the male and the bisexual through 
temporary aceto-carmine smears. Analysis of the 
chromosomes of these sex-types “has shown that the 
haploid number is «=9 for all of them. Blight 
morphological differences among the bivalents have 
been observed. Tbe varieties also showed slight 
variations in the size of the chromosomes. Apart 
from these minor variations, meiosis in both male 
and hermaphrodite was found to be normal. Com- 
parison of tbe chromosomes of the male and the 
hermaphrodite showed no differences which could 
be correlated with the differences in sex-expression. 
Somatic chromosomes of twelve varieties have been 
examined and the number found , to be 2^?.=18. 
Here also distinct morphological differences in the 
chromosomes have not been observed. All the 
chromosomes have median or sub-median constric- 
tions. The length of somatic chromosomes at 
metaphase varies from 2 to 3 [r, while the length of 
meiotic chromosomes at metaphase in the pollen 
mother cells (as determined from enlarged photo- 
micrographs) is about one-tenth of the length at 
somatic metaphase. 

• One variety of Carica papaya (variety No. 98), 
seeds of which were got from Chenganniir in Travan- 
core State, is the most distinct in respect of its 
vegetative characters. It is characterised by the 
presence of yellow colour in all parts of the plant. 
Fruits are bright yellow- from the early stages. 
Only the leaf blades have a greenish colour mixed 
with yellow. There are no male plants in this 
variety. Examination of the pollen mother cell 
in the hermaphrodite showed that the chromosomes 
number in this variety also is ^^=9. Reference to 
literature (which is by no means comprehensive) 
shows that this is an undescribed variety. 

Mitosis. It has been observed that when seeds 
from fruits of female plants growing in close ]:)roxi- 
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Table I 

A list' of different varieties of papaya, examined 


No. 

Varietal iiauie 

Locality 

1 

M'adliu bindu . 

Kathiawar . 

2 

Aiipore? , , 

Alipore 

3 

Hoiieydew . 

Baroda 

4 

Mixed -sweet 

Coimbatore . 

5 

Kodur 3/1 . 

Kodur 

6 

Kodur 3/2 . 

Kodur 

8 

Kodur 1/4 . 

Kodur 

9 

Kodur 13/4 . 

Kodur 

12 - 

Singapore , . . 

Malaya, 

15 

Washington , 

Poona , . . 

29 

Solo , 

Netherlands 

34 

Garica hybrkla mexkana 

S. America . 

40 

Genetic cross 

S. Africa 

44 

Kuching 

Sara%nik ■ . , ' . 

46 

Formosa 

Formosa 

47 

Heito-Delicious 

Japan . 

54 

Kuching 

Hawaii . . . 

55 

Kuching 

Hawaii 

56 

Marumi ogata 

Japan . . . 

98 

Yellow papaya 

Travancore . 

99 

Solo papaya 

Australia 

105 

Florida green 

British Guiana 


Carica pubescens . 

"Cuba . . 


Garica dodccapliylla 

Argentina- . 


Chromosome 

No. 


mity to male plants are sown, tlie resulting progeny 
shows an approximately equal proportion of female 
and male plants with a few hermaphrodites. So 
a study of the somatic chromosomes in the root- 
tips of a number of young seedlings should show 
whether there is any difference between the chromo- 
some make-up of the male and the female. With 
this object in view, seeds from a single fruit (of variety 
No. 34) obtained by open pollination were sown and 
the tips of the main root in about 100 seedlings were 
fixed. Examination of the metaphase chromosomes 
from a number of sections showed that the differences 
from root-tip to root-tip were not greater than those 
observed from cell to cell in the same section. Figs. 
16 to 18 show somatic metaphases from different 
root-tips. Unless there is a marked difference 
between chromosomes of one sex and another, a 
study of this type may not be expected to reveal 
any differences that may exist. This is particularly 
so in a case like papaya where the chromosomes 
are extremely small in size. However, this study 
shows that no marked diffrcnces exist between the 
chromosomes of the male and the female in the same 
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variety. Further, from independent genetical 
studies Hofmeyr [1938] and Storey [1941] came to 
the identical conclusion that in papaya male and 
hermaphrodite are heterogamous for sex, while the 
female is homogamous. So, if at all a heteromorphic 
pair of chromosomes carrying the genetic factors for 
sex is present, it should be expected in the male or 
hermaphrodite and not in the female. 

As previously stated, variety No. 46 was selected 
for a critical and comparative study of meiosis in 
male, female and hermaphrodite sex-types, with a 
view to settle once for all the question whether there 
are any visible chromosomal differences in morpho- 
logy or behaviour during cell division which could 
be correlated with sex expression, 

Meiosis in hermaphrodite of variety 46. In the 
hermaphrodite sex-type there are only five stamens, 
while ill the male, there are ten stamens. 

In very young anthers, the pollen mother cells 
remain packed together closely and are in close 
contact with the tapetal cells which form a ring 
around them. They begin to round off at about 
the stage of diakinesis. In aceto-carmiae smears 

' c2 
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At late-diakiiiesis, tlie eighteen chromosomes wliicli 
form nine pairs are distributed along the periphery 
of the nucleus (Fig. 1). The nucleolus has dis- 
appeared at this stage. The bivalents themselves 
may be either of the rod-type or of the ring-type. 
After examination of a large number of diakmetic 
stages, it was found that of the nine bivalents, one 
to three aj‘e of the ring-type, while the rest are all 
rod-shaped. 


-Hermaphrodite plant of variety No. 46 

polar view while the other shows the side view. 

the XU67. ■ . 

Fig. 8. Metaphase II. Iloth the metaphase plates in 

side view. xI167. n/ji- 

Fio. 9. Telephase of second division, xllon 
Fig. 10. Iso-l)ilateral type of pollen tetrad formation 

Fig. 1 1 . Tetrahedral t 3 ''pe of pollen, tetrads. X 1167. 
in Fig* 12. The yoimg microsporcs. x n67. 

Fig 13. Two-celled miorospore at the tune of shedding, 
in ' X800. 


Figs. l^n—Garica 'papaya- 

Fig I Diakinesis in pollen mother cell. 3 bivalent? 

ring-shaped while the remaining 6 are ot 
rod-type. xl667. 

Fig. 2. Prometaphasc of meiosis. Xl667. 

Fig. 3. Folar view of metaphase I. X 1667. 

Fig. 4. Lateral view of metaphase I, Xl667. 

Fig. 5. Interkinesis nuclei- xll67. 

Fig. 6. Metaphase II. Both the metaphase plate 
polar view. Xll67. 

Fig. 7. Metaphase II. One of the metaphase plate 







1—4. Carica papaya — male plant of variety No. 46 

IG. 1-Metapbase I exhibiting secondary association : 3(2)-3(l). X 3000 
IG 2-Metaphase I exhibiting secondary association . l(3)-2(2)-2(l)- X 30UU 
IG. 3-Precocions separation of one bivalent. X 2500 
IG 4— Nuclear division in the generative cell of the pollen tube. X 2500 
tG. 5-C. papat^a-female of Var. No. 46. Diakinesis in m.m.c., four out 
nf til ft nine bivalents are in focus. X 2500 
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During. tke next stage of prometaphase (Fig. 2) 
the bivalents undergo a converging movementj 
until they are in close assemblage in the centre of 
the nucleus. Metaphase follows prornetaphase. 
The nine bivalents are arranged on the equatorial 
plate (Kg. 3). A characteristic feature of meta- 
phase is the association or approximation of the 
different bivalents. This secondary association 
which is the pairing of ancestrally related bivalents 
has been studied in detail in the male of this variety. 
Some evidence is available to support the findings 
of earlier investigators that metaphase is a very 
transient stage, as numerous cells with the bivalents 
all arranged in one plane are not met with. But 
in some cases such arrangement in one plane has 
been met with and in these secondary association is 
unmistakably evident. The size of the bivalents 
varies from 0*2 to 0*3 p. Fig. 4 shows the side 
view of the nine bivalents at metaphase I. The 
separation of the bivalents during anaphase is 
uniform and regular, though very occasional lagging 
on spindle has been observed. At the end of the first 
anaphase, two interkinesis nuclei are formed (Fig. 5). 

Sugiura [1927], Lindsay [1930] and Asana and 
Sutaria [1930] have reported the presence of multi- 
polar spindles. Occasionally it has been met with 
in the present study also. 

The second division is quite normal and nine 
chromosomes have been counted in both metaphase 
plates in the same pollen mother cell (Fig. 6). The 
chromosomes are smaller than in the first division 
and any difference in size apparent in the first 
division is not seen at the second. Fig. 7 shows a 
second metaphase plate, where one of the groups is 
in the polar view while in the other the side view is 
seen. Secondary association persists in second 
metaphase also. The further meiotic process (Figs. 


147 : 

8 and 9) is regular resulting in tetrads, which may 
be either tetrahedral (Fig. 11) or isobilateral (Fig. 
10). Wall formation is by furrowing (Fig. 12) as 
already reported by Asana and Butaria [1928]. 
The mature pollen grain at the time of shedding is 
bi-nucleate (Fig. 13). 

Meiosis in male of mrietij 46. At early diakinesis 
nine bivalents are observed distributed peripherally 
along the nucleus (Fig. 19). The nucleolus is seen 
very faintly stained. Fig. 20 shows late diakinesis. 
Two of the bivalents are of the ring-type, while the 
remaining seven are rod-shaped. At diakinesis, 
the two chromosomes of a bivalent could be clearly 
seen and careful comparison of the size and shape 
of the two members of each pair revealed no in- 
equality between the chromosomes of any of the 
pairs. During pro-metaphase (Fig. 21) bivalents 
are in close assemblage in the centre of the nucleus. 
At metaphase the bivalents again are separated and 
arrange themselves on the equatorial plate (Fig. 
22). The characteristic feature of metaphase is the 
association or approximation of the different biva- 
lents. This secondary association is prevalent in 
the majority of pollen mother cells. Out of 62 first 
metaphase plates examined, 44 exhibit secondary 
association, while the rest do not. The paired 
bivalents are similar in size and configuration. A 
variable number of bivalents are seen to be secondari- 
ly associated. Fig. 22 shows the stable configura- 
tion, which consists of one bivalent in the centre 
with the remaining eight arranged in a ring around 
it. Figs. 23 to 25 and photomicrographs (Plate XI, 
figs. 1 and 2) show various degrees of secondary 
association. This pairing is exhibited very clearly 
at the first and second metaphase. 

Table II gives a summary of the various types of 
secondary association. 


Table II 


A siimmmy of various types of secondary association 


No. of 
associations 

No. of bivalents in association 

No. of cases 

Total 


2 ' 

3 

■ 4 . 

1 

7 

1 



24 

24 

2 '■ 

( 5 

1 6 

2 




■ U 



3 



S'! 




1 

i 


r 

'O 





i 



A'':;:,';; . ,,. 4 

1 

4 ; . 



.1 

1 







Total 44 
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2(2)-5(l); Fig. 25: 4(2)-l(I); (maximum asso- 
ciation)* All. Xl667. 

Fig, 26. Side view of M-I. xl667. 

Fig. 27. Same as above. Note the bivalent on the extreme 
right about to segregate. Xl667. 

Fig. 28. One bivalent separating precociously. X1667, 

Fig. 29. Same as above showing a later stage. The 
segregating chromosomes are similar. xl667. 

Fig. 30. - Anaphase I. x 1167- 

Fig. 31. Tnterkinesis nuclei. X 1167, 

Fig. 32. Metaphase II. Polar view. Two groups of nine 
chromosomes each are seen. X 1 167. 

Fig 33. Same as above. One of the plates in side view. 
^<1167. 

Fig. 34. Anaphase 11. Four groups of nine chromosomes 
each are seen. " 


Fig. 14. Metaphase plate from root-tip ot C. dodecapkyUa. 
27i^lS, x2167;, 

Fig. lo. Metaphase plate from root-tip of C: pubescens. 
2w=:18. X2167. 

Figs. 16-22 . — Carica papaya (male plant) 

Figs. 16-18. Metaphase plate-s from root-tips of different 
seedlings of G. papaya (Variety No. 34). 2w= 
18. x'2167. 

Fig. 19. Early diakinesis. Two of the bivalents are ring- 
shaped. X1667. 

Fig. 20, Late diakinesis. xl667. 

Fig. 21. Prometaphase. X1667. 

Fig. 22. Metaphase I. One bivalent is in the centre with 
eight others arranged around it. xl667. 

Figs. 23-26. M-I plates showing different degrees of second- 
ary associations. Fig. 23 : 1(2)-7(1) ; Fig. 24 : 
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In computing the number of secondary associa- Secondary association persists in anaphase I and 
tions in each case, an association of four bivalents rnetapbase 11. The subsequent stages in iiieiosis 
into one group is counted as three, that of three leading up to the formation of tetrads are quite 

bivalents as two, and that of two bivalents as one. normal and similar to that described already in 

The number of secondary association per plate the case of the hermaphrodite plant, 
ranges from one to four, the mode being one which Microgametogenesis. Pollen grains from the male 
occurs in 24 out of 44 cases. The maximum of four plant of variety No. 46 were germinated on a agar- 
associations was seen once in 44 plates examined, sugar culture medium and the nuclear division of 
It shows four groups of two bivalents each and a the generative cell in the pollen tube was studied, 

single bivalent, on the whole making five separate The method employed is the one described by Mahesh- 

associations (Fig. 25). Subsequently, another case of wari and Wulff [1937], The mature microspore 
a maximum of four associations was met with, which at the time of shedding is spherical, two-celled and 
showed one group of three bivalents, two groups of possesses three germpores (Fig. 13). After preli- 

two bivalents each, and two iinassociated bivalents minary trials, it was found that germination of the 

(Plate XI, fig. 2), pollen grains was best in a culture medium consist- 

A large number of metaphase plates in lateral ing of agar and sugar in the ratio of 1 : 10. For 
view were examined. The outline of all the nine getting the requisite growth in length of the pollen 
bivalents is clearly distinguishable in side view and tube, after which the generative cell begins to divide, 
Figs. 26 and 27 represent two such metaphase plates, it was found necessary to allow the microspores to 
The bivalents have been separated laterally while germinate in the culture medium for about twenty 
drawing. This fact namely that all the nine chromo- hours. The slides were fixed in Formalin- Acetic- 
some pairs are distinguishable on a number of Alcohol for about three hours and stained in iron 
spindles in lateral view makes possible the definite alum haematoxylin. The pollen tube begins to 
conclusion that in papaya there are no morphological grow from one of the germ pores and as it goes on 
differences recognizable by methods at present elongating, the crescent shaped generative cell 

available between the two chromosomes of any moves down into the pollen tube and is about 6p 

pair in a pollen mother cell. In very early anaphase distant from the free end of the pollen tube, when it 
stages, the spindle fibres have already arranged begins to divide (Fig. 53). The pollen tubes showing 
themselves into a bipolar spindle, and the two division stages are about 40 [i in length. The 
members of each bivalent begin to be drawn apart, tubes are comparatively broad, the breadth being 
In such stages where the chromosomes of the different about 1 (x. In Fig. 47 is reprsented a pollen tube 
pairs are just Beginning to separate, it was often with the nucleus of the generative cell in the pro- 
found that in one particular bivalent, the paired phase of division. Figs. 49 and 50 show lateral 
chromosomes have already separated and are well views of the metaphase stage. The generative cell 
on their way to the poles (Figs. 28 and 2.9). Plate usually lies in the middle of the pollen tube though 
XI, fig, 3 shows clearly one such, plate, where, while occasionally it may be close to one wall (Fig, 50). 

the eight bivalents are still on the equatorial plate, Plate XI, fig. 4 is a photomicrograph, of a similar stage, 

one bivalent, however, has separated, the chromo- The cytoplasm of the generative cell is differentially 
somes of which are about half way through on their stained from that of the tube and the outline of the 
way to the poles. This interesting phenomenon was generative cell stands out markedly from the cyto- 
observed in about 10 cases out of about 15 of plasm of the tube. Pig. 48 shows a polar view of the 
exactly the same stage examined. This precocious metaphase. Nine chromosomes are seen. No differ- 
anaphasic separation of one of the bivalents ences are noticeable between the chromosomes, 

is interesting, because, such a precocious separation The frequent arrangement of chromosomes in a 
during early anaphase is a characteristic feature of line, one below the other, is not met witli in the 
the sex-chromosome pair. This has been found by present case, as apparently this type of spatial 
Sinoto [1928] to be a common feature of the sex distribution of chromosomes is necessary only when 
chromosomes of the dioecious species in both the chromosomes are relatively large as in Lilium 
dicotyledons and monocotyledons that he had and other genera [O’Mara, i933]. Since in the 

studied. This phenomenon has again been recorded present case, the tube is broad and the chromosomes 
in Coccinia indica by Kumar and Deodikar [1940], are rather small, there is no necessity for such a 
After a critical examination of the chromosomes that linear arrangement of the metaphsae chromosomes 
separate precociously in all the 10 cases reported, and so they arrange themselves in a plate in the 
it can be said that there are no visible mor- uormal way. In Fig. 51 is seen what appears to 
phological differences between the chromosomes of be an unseparated chromosome lying outside the 
the bivalent that exhibit precocious separation. pl^te. Anaphase is normal and is shown in Figs. 

In second metaphase plates, two groups of nine 52 and 53. - The later stage showing the organized 
univalents each could be clearly seen (Fig. 32). male gametes was not observed, 
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Etas. 85-53 


Eio. 35. 
Eia. 36. 


Eio. 38. 
Fig. 39. 


Fia. 41. 

Fia. 42. 
Fig. 43. 


Figs. 35 to 46 of G. papaya {femdXe plant) 

Single liypoderinal archesporial cell.^ X380. 

A plate of two archesporial cells with a layer of 
wall cells. x600. 

Megaspore mother cell with about five layers oi 
parietal tissue. x250. 

M.M.C. with the nucleus in the prophase stage. 

X1250. ^ ^ 

M.M.C. with the nucleus in diakinesis of the lietero^ 
tvnic division ; nine bivalents can be counted. 

M.M.C. deeply embedded in the nuecllus with its 
nucleus in metaphase (side view) of the hetero- 
typic division. X650. 

Dyad with the two nuclei about to divide again. 

Xl2r)0. 

A linear tetrad of megaspores. X600. 
jBame as above, showing the functional chalazal 
megaspore and the three degenerating megas- 
porea. x600. 


44 , 46 . One, two and four nucleate embryo-sacs res» 
pectively . X 1 250. 

Figs. 47 to 53 of, C, papaya (male plant) 

47. Spindle-shaped generative cell in pollen tube, v/ith 
its nucleus in the prophase stage. x87o. ^ 

48 Metaphase stage in the division of the gener^ive 
nucleus. Nine chromosomes are seen. X I2o0. 

(Figs. 49 to 53 magnified 875 times) 

49. Lateral view of metaphase stage. Fhe genera- 

tive cell lies in the middle of the pollen tube- 

50. Same as above. The generative cell lies close 

to one wall of the pollen tube. 

51. Same stage as alrove. One of the chromosomes 

lying outside the plate. 

. 52. Anaphase of the division of generative nucleus. 
53 Same as above showing the distance of the genera- 
tive cell from the tip of the pollen tube. 
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Meiosis in female of variety 46,'' In Carica papaya 
there are numerous anatropous ovules that arise 
not only from tiie placental region, but sometimes 
also from the entire inner wall of the ovary, illl 
the ovules do not develop to maturity. A good 
number of the ovules degenerate in the early stages 
of their development. In very young ovules, a 
single primary archesporium is differentiated as a 
hypodermal cell, which is larger and takes a deeper 
stain than the other cells of the ovule (Fig. 35). 
In a solitary case, however, a plate of two arches- 
porial cells with the primary w^all cells already cut 
off was noticed (Fig. 36), though no case of two 
megaspore mother cells was observed in the later 
stages in the development of the archesporial cells 
into embryo-sacs. The primary archesporium cuts 
off a parietal or wall cell and functions directly as 
the megaspore cell. As the ovule develops, this 
wall cell by repeated periclinal divisions forms a 
parietal tissue of about 6 to 8 cells in thickness. 
As a result of the formation of this thick parietal 
tissue the megaspore mother cell is pushed deep 
into the nucellus. By this time, the megaspore 
mother cell has increased in size considerably. Just 
when the archesporial ceil has cut off the parietal 
cell, the inner of the two integuments arises from 
the side of the ovule. The initiation of the outer 
integument follows in close sequence and it grows 
more rapidly than the inner integument which is 
completely enveloped by the outer integument when 
fully developed. The integuments ai:e 3-4 cells 
thick. Both the integuments take part in the 
formation of the micropyle. Fig. 38 shows a fully 
enlarged megaspore mother cell with its nucleus 
in the prophase stage. In Fig. 39 is observed a 
megaspore mother cell nucleus in the diakiiiesis 
stage of the hetero-typic division. Nine bivalents 
are clearly observed at this stage. The bivalents 
are distributed peripherally in the nucleus and are 
therefore in different foci. About 10 such stages 
of the megaspore mother cell nucleus in diakinesis 
were observed. A careful examination of all of 
them showed no difference between the chromosomes 
of any of the pairs. Their behaviour during meiosis 
also seems to be quite normal. Preparations show- 
ing side views of the meiotic nietaphase were avail- 
able (Fig, 40). In such side views, all the nine 
bivalents could not be identified though the profile 
of about 5 or 6 of the bivalents could be made out 
clearly. Anaphasic separation is quite normal and 
the two daughter cells of the resulting dyad (Fig. 
41) again divide to give rise to a linear tetrad of 
megaspores (Fig. 42). Invariably, in all cases, it 
was the chalazal megaspore that was functional while 
the rest degenerated (Fig. 43). The functioning 
megaspore which is full of cytoplasm enlarges in 
size considerably to form the uninucleate embryo- 
sac (Fig. 44). The single nucleus divides. The two 


dauther nuclei move towards the poles of the embryo- 
sac and a central vacuole is formed (Fig. 45). An- 
other division of these two nuclei gives rise to a 
four-nucleate embryo-sac (Fig. 46). Further stages 
in the development of the mature embryo-sac were 
not studied. The development of the emhryo-sac 
so far described is in agreement with that already 
found by Agharkar and Banerji [1930]. 

Discussion 

Secondary association. The occurrence of marked 
secondary association of the bivalents in papaya 
has been recorded for the first time in the present 
investigation. About 70 per cent of metaphase 
I plates exhibit secondary association. From Table 
II, it is evident that the most frequent association 
is into eight groups (one group of two bivalents and 
seven separate bivalents), while the maximum 
association observed in a solitary case is into five 
groups (four groups of two bivalents each and one 
single bivalent). The criterion for deducing the 
basic chromosome number of a genus from secondary 
association, is the maximum association observed. 
In the present case, the maximum association is 
into five groups, and as such the basic chromosome 
number would be five for the genus Carica, In 
this connection, a detailed study of the other species 
of Carica moj throw more light on the question of 
the basic chromosome number of this genus* 

The cytological basis of sex expression. The 
discovery of a morphologically distinguishable 
difference between the chromosome complements 
of the male and female in animals, where generally 
the two sexes are found on separate individuals, 
was followed by the finding that sex-linked genes 
are located oii these extra or accessory chromosomes, 
which came to be known as sex-chromosomes as 
distinguished from the autosomes, which are iden- 
tical in both sexes. A similar cytological situation 
was found in a number of dioecious flowering plants 
also. In a large number of investigated cases 
including many species of insects, most of the 
mammals, and in several dioecious plants, the females 
have two X chromosomes, the male but one. In 
most of these, the males have another chromosome, 
the Y chromosome, but in some instances, this is 
absent. Thus the female is XX or homogametic, 
while the male is XO or XY and heterogametic. 
While this is the common condition, variations 
from this are met with in a number of cases. The 
occurrence of ^ intersexes in the moth Lymantria 
dispar, led Goldschmidt [1934] to propose a modi- 
fication of the simple explanation of sex determina- 
tion described above. According to his ‘ balance 
theory of sex sex development (male or female) 
is the result of a competition between opposed 
tendencies in which the final expression is determin- 
ed by the relative strengths or balance existing’ 

^ p..' 




a 





between the factor for maleness and the factor for 
femaleness. A similar condition has been noted by 
Bridges [1925] in 

The appearance in most species of animals of two 
sharply defined sexes means that there are probably 
two relatively stable points of equilibrium, one 
centering around maleness, the other around female- 
ness, and that in such cases the excess of one type 
of gene over the other is considerable and decisive 
in the earliest stages of ' development. The decision 
is usually given by the presence of two sex chromo- 
somes in one set of individuals and by but one in 
the other. The role of a sex chromosome in deter- 
mining sex is therefore like that of a weight added 
to either one side or the other of a scale ; it tips 
the balance and only thus decides the outcome, and 
it probably does this by virtue of the specific genes 
which it carries [Sinnott and Dunn, 1939]. 

We shall now consider briefly the position regard- 
ing plants which have not been so adequately 
analysed. In most of the dowering plants, the same 
individual and generally the same flower bears both 
types of gametophytes, so that the sporophyte is 
hermaphroditic. In some species male and female 
dowers are borne on separate individuals and the 
question of sex determination arises only in these 
dioecious plants. But it must be noted here that 
even in strictly dioecious plants, unlike the case of 
animals, the differences between male and female 
individuals extend only to the doral parts. The 
chromosome mechanism of primary sex determina- 
tion has been studied in a number of dioecious plants 
and found to be similar to that in animals. In 
most of these the female is homogametic while the 
male is heterogametic. Fragaria elatior [Lilienfeld, 
1936] and Coccinia inclica [Kumar and Deodikar, 
1940] are the only two recorded cases of dowering 
plants in which the female is heterogametic. In 
many dioecious plants, however, cytological examina- 
tion has failed to .reveal any visible chromosome 
differences between the sexes. 

In the genus Carica most of the forty species are 
dioecious, whereas the cultivated Carica papaya 
possesses in addition to the strictly male and female 
plants a number of ‘ intersexes The main object 
of the present investigation has been to study the 
cytology of the different sex-types in this plant with 
a view to dnding whether there are any visible 
differences either in morphology or behaviour during 
cell division in the chromosome complements of 
these types which could be correlated with sex- 
expression. The negative dndings of a few earlier 
investigators already mentioned were not of import- 
ance for this study as none of them had made a 
critical examination of the chromosomes of the 
three main sex types in the same variety. In the 
present investigation meiosis in the hermaphrodite 
4 nd male of one variety has been described in detail. 


Meiosis in the female of the same variety has also 
been studied in detail for the first time. The course 
of meiosis in the above three sex-types is normal. 
No visible differences in the cbromosome morphology 
of the different sex types are evident, nor is there 
any difference in the behaviour of the bivalents in 
the hermaphrodite and female. In the male, how- 
ever, an interesting behaviour of one particular 
bivalent during early anaphase has been observed. 
During early anaphase, one particular bivalent 
separates precociously, while the remaining eight 
are still on the equatorial plate. This particular 
bivalent has a single terminal chiasma. This 
phenomenon has been observed in about 10 cases 
out of about 1 5 early anaphase stages examined. 
This interesting behaviour of a single chromosome 
pair during early anaphase has not so far been report- 
ed by any of the earlier workers on G. papaya. It 
may be that this bivalent which separates precoei- 
ously during early anaphase may be the sex chromo- 
some pair, carrying the genetic factors for sex. It 
has already been stated that precocious separation 
appears to be a common feature of the sex chromo- 
somes. This has been reported in Goccmia indica 
by Kumar and Deodikar [1940]. Sinoto [1928] 
found this phenomenon to be a common feature of 
the sex-chromosomes of the dioecious species in both 
dicotyledons and monocotyledons that he had 
studied. But then in the present case the separating 
chromosomes are not a heteromorphic pair. The}^ 
are quite alike one another. All that can be said 
then is that out of the nine bivalents, one behaves 
like a sex-chromosome in so far as precocious ana- 
phasic separation is characteristic of the sex-chromo- 
somes, there being no visible mor]»hological differ- 
ences between them. 

Fortunately there is already data on the genetic 
basis of sex expression in Carica papaya, Hofmeyr 
[1938] in South Africa, and Storey [1941] in Hawaii, 
as a result of independent investigations on the sex 
inheritance of papaya, arrived at identical conclu- 
sions. According to these authors the male and 
hermaphrodite are heterogametic while the female 
is homogametic. So if an unequal pair of sex 
chromosomes is to be found it should occur in the 
male and herma])hrodite and not. in the female. 
Due to the ease with which meiosis could be studied 
in pollen mother cells, the male and hermaphrodite 
have been more fully examined than the female. 
In neither of these was any difference between 
bivalents or between the two components of a single 
bivalent noted. Sufficient number of cases of cliaki- 
netic stage in meiosis in megaspore mother cell have 
been examined to know that there also no differences 
between the chromosomes of any of the pairs exist. 

It may be mentioned in passing that due to varia- 
tion in climatic factors, weakening of the ])lant 
due to manuTW deficiency and other undetermined 
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causes, some papaya plants wliicli at the commence- 
ment of flowering produce iemaie or bi-sexual flowers, 
later produce only male flowers. Such variation 
in se:x in the same plant shows that the balance 
mechanism of sexyin this plant is in a delicate 
equilibrium. 

Summary 

A comparative cytologicai study of three species 
oi Carica and twenty- one regional types of C. fafaya . 


Goldschmidt, R. (1934). Lymantria. Bibliog* genet. 11, 
M86 

Heiiborn, 0* (1921). Taxonomicai and cytologicai studies 
on cultivated Ecuodorian species of Carka. Ark. BoL 

l'?(12), M6 

Hofmeyr, J. T>. J, (1938). Genetical studies of Oarka papay^i 
S. Apr, Sci, Bull, No. 187 

Kratzer, J. (1918). Die verwandtschaftlichen Bezihungeli 
der Cucurbitacean auf Grand ihrer Samen-entwieklung* 
Flora 110 


collected from different parts of the tropics was Kumar, L. S. S. and Deodikar, G. B. (1940). Sex chromo- 


undertaken. 

The chromosome numbers in all the cases studied 
is,ti=9, 2w=18. 

A detailed and ciitical examination of the three 
main sex forms of a selected type shows that there 
are no differences in the morphology of the chromo- 
somes of the hermaphrodite, the male and the female 
sex-types of the same variety. In the male papaya, 
however, the phenomenon of precocious anaphasic 
separation of one particular bivalent- has been 
observed and it is suggested that this interesting 


somes of Coccinia indica Wight and Arn. Gurr. Sci. 9, 
128-30 

— and Abraham, A. (1941). Cytologicai 

studies in Indian parasitic plants, 1. The cytology of 
Striga, Proc, Indian Acad, Sci, 14, o09-16 

- — (1942). Chromosome 

number in Carica, Curr. Sci. 11, 58 

— and Srinivasan, V. K. (1944). Chromsome 

number of Carica dodecaphylla Veil. FI. Flum. Curr, Sci. 
13, 15 


feature is in keeping with the behaviour of a hetero- Riiienfeld, J. A. (1936). Geschleachts-chromosomen boi Fra- 


morphic pair. 


garia elatior, Japanese J. Bot. 8, 119 


Study of the somatic chromosomes shows that mndsay, Ruth H. ( 1930). The ehromosomes of some dioeci- 

there are no detectable differences between ous angioBpems. iJot 62 (2) 

chromosome complement ot one sex type and anotner. ^ 4 w w n 

Examination of the chromosomes of the strictly t m i i f * j • Tv, i v 

dioecious species, C. puliescem, also shows that %vhat “ micro-techmque, I. Methods of studying the develop. 

might be called ‘ sex-chromosomes ’ are not present went of the male gametophyte m Angiosperms. Siam 

in this species also. Fec^. 12, 6l«70 


From the findings of the present cytologicai Meurman, 0. (1925). The chromosome behaviour of some 


investigations, which is the first to include all the dioecious plants and their relatives with special reference 
three sex types of a single variety, it appears that chromosomes. Soc, Sclent, Fenn. Comm. Biol. 

variation in sex expression m C, papaya is not ^ 

associated with any visible morphological difference ^ generative nucleus 

between the autosomes and the sex-chromosomes . 
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GRtPTOSTEGIA GRAN DI FLORA U.^v., A WAR TIME SOURCE 01 

VEGETABLE RUBBER 


y. METABOLIC STUDIES* 


By Kafat Husain Sibwqui, M.Sc., Ph.D., D.Phib. (Oxon), 

(Hons.) (Alld.), Phipps Chemical Laboratories, Imperial Agricultural Eesearch Institute, JNew JJelUi 

(Eeoeived for publication on 28 February 1945) 


(With Plate XII and one text-figure) 


The object of the investigation was to study 
metabolic changes of the seedlings of Gryptostegw 
grandiflora with relation to their growth. The 
seeds after soaking in water were sown in the nursery 
and daily observations were made on 10 seedlings. 
The percentages of nitrogen, inorganic constituents 
and resins have been given but the estimation of 
rubber could not be carried out for reasons given in 
the experimental section and would be taken up 
again.. 

Expemmental 

The seeds (1 oz. comprising about 3,000) of 
Cryplostegia were soaked in water for 

24 hours for presoaked seeds give on sowing a quicker 
and more uniform germination than dry seeds. 

The soil of the nursery after manuring it with 
farmyard manure (eight cart loads per acre) was 
worked to a fine tilth and levelled by means of a 
levelling board. On 23 September 1943, the 
presoaked seeds were evenly spread over a flat bed 
(21 sq. ft.) with the hand. They were then lightly 
covered with soil by passing a hand rake over the 
bed, and were about J-i in. deep in it. The surface 
of the' bed was then gently evened out and the soil 
on the top was compacted by pressing by a light 
wooden roller. The nursery was then hand- watered 
and covered with gunny sheets (a mulch of bhusa 
about i in. thick would also serve the purpose). 
Thereafter it was hand-watered twice daily, morning 
and evening. The gunny mulch helped to conserve 
the moisture in the soil and produced a humid 
atmosphere necessary for the proper germination of 
the seeds. When germination started on 27 
September 1943, gunny sheets were removed. In 
about a couple of days over 90 per cent of the seeds 
had germinated, the stand of the seedhngs being 
quite uniform. 

On the fourth day of sowing the seedlings showed 
diflierentiation into yellow cotyledons, white plemule 

* Parts I and II of this series were published in the J . 
Mian Ghent, Soc. (1944) and parts -III and IV in the J. 
Indian Ghem, JSoc» Ind, and News M, (1945). 


and roots. After one week the seedlings showed 
pink stems and green leaves. In the first fortnight 
there was only one pair of leaves, in the third week 
there were two and three pairs of leaves and two 
months old seedlings had five and six pairs of green 
leaves (Plate XII, fig. 1 )■ The stems remained pink. 
For the analysis 10 seedlings were carefully dug 
out intact, washed with water from the adherent 
soil and the fresh weight was taken after drying 
them between folds of filter paper. The seedlings 
were kept over sulphuric acid for about two months 
when they were dried up completely and turned 
brittle. The dry seedlings were crushed and kept 
in a packet of filter paper and several of those packets 
were extracted at a time with alcohol to find out 
the amount of solubles or resins. The material of 
every packet was then dried at 90°0. in an air oven 
and from the loss it suffered during extraction the 
percentage of resins was calculated. The resin-free 
material was re-soxhleted with benzene for estimat- 
ing its rubber content, but it showed no loss in weight 
and was further extracted with chloroform in an 
apparatus designed by the authors. The apparatus 
consisted of a cone made of wire gauze and was 
placed in the distillation apparatus on a triangular 
stand made of wire. This cone was fitted with a 
cone of filter paper in which several of the packets 
containing the material were kept for extraction 
(Plate XII, fig. 2). 

After extraction for 36 hours the material of 
every packet was dried at 90°C. It did not suffer 
any loss in weight but, on the contrary, showed a 
slight increase. The rubber could not thus be 
estimated in the seedlings. The very fact that 
benzene and chloroform failed to extract rubber 
from the seedlings dried over sulphuric apid for two 
months was indicative of a change that rubber 
underwent ; the latter became converted into such 
substances which are insoluble in rubber solvents. 
Inorganic constituents (ash) and total nitrogen of the 
seedlings were also determined but the quantity of 
the first 15 samples was not enough for estimating 
both and so only their nitrogen (by Kjeidahl method) 
was determined. The growth observations as well 
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Fig. 1. Seedings of Cryftostegia grandiflora of different ages : a, 4 days 
b, 11 days ; c, 22 days ; d, 36 days ; e, 43 days 
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Fig. 2. Apparatus for extraction with chloroform 
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as the results of the analyses have been given in etc. there is a gradual decrease in the percentage of I 

Table I. The results show that as growth proceeds inorganic constituents (1640 per cent) and nitrogen J 

and the polymerisation of the products of the xdioto- (6-3 per cent) while resins show a fluctuation within 

synthetic activity results in the formation of cellulose, a certain range (46 — 26 per cent) (Fig. 1). 



Summary 

A study of the metabolic changes of the inorganic 
constituents, nitrogen and resins of Crijptostegia 
■ grandijlora seedlings has been made in relation to 
* their day to day growth till the plants are 62 days 

! old. It was found that with polymerisation of the 

products of photosynthetic activity there was a 
gradual decrease in the percentages of nitrogen and 
inorganic constituents while resins fluctuated within 




a certain range. An account of an ax)paratus 
designed to extract several sam]3les at a time has 
also been given. ^ ^ 
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Table I 


Ike groilih obserMttons and the results of analyses o/ eryptostegia gianmom seedUngs 


Rate of growth 


Date when 
seedlings were 
pulled out 


Age of 
seedlings 
in days 


23-9-43 

23- 9-43 

24- 9-43 
26-9-43 

26- 9-43 

27- 9-43 

28- 9-43 

29- 9-43 

30- 9-43 

1- 10-43 

2- 10-43 

3- 10-43 

4- 10-43 
6-10-43 

6- 10-43 

7- 10-43 

8- 10-43 

9- 10-43 

10- 10-43 

11- 10-43 

12- 10-43 

13- 10-43 

14- 10-43 

15- 10-43 

16- 10-43 

17- 10-43 

18- 10-43 

19- 10-43 

20- 10-43 

21- 10-43 

22- 10-43 

23- 10-43 

24- 10-43 

25- 10-43 

26- 10-43 

27- 10-43 

28- 10-43 

29- 10-43 

30- 10-43 

31- 10-43 

1- 11-43 

2- 11-43 

3- 11-43 

4- 11-43 

5- 11-43 

6- 11-43 

7- 11-43 

8- 11-43 

9- 11-43 

10- 11-43 


Average 
length 
of root 
of 10 
seedlings 
in in. 


Average 
length 
of stem 
of 10 
seedlings 
in in. 

Average 
No. of 
leaves 
of 10 
seedlings 

Fresh 
weight 
of 10 
seedlings 
in gm. 

Dry 
weight 
of 10 
seedlings 
in gm. 


_ 

— 

— . 



— 

— 

— - 




— 

— 




— . 

— . 






0*0824 


__ 

0*38 

0*0950 




0-40 

0*0690 

1*3 

2 

0-39 

0*0674 

1*2 

2 

0*47 

0*0656 

1*3 

2 

0*50 

0-0726 

1*3 

2 

0*54 

0*0870 

1*4 

2 

0-31 

0*0774 

1*7 

2 

0-63 

0-0780 

1*6 

2 

0*95 

0-1202 

1*5 



0*81 

0*1090 

1*4 

2 

0*87 

0*1010 

1*5 

3 

1*15 

0*1420 

1*5 

4 

0*65 

0*1306 

1*5 

4 

0*94 

0-2006 

1*3 

4 

1*26 

0-2530 

1*9 

4 

1*19 

0-2376 

1*9 

6 

1*63 

0*3618 


4 

2*05 

0*3394 

. . 2-2 1 

5 

1*16 

0*2920 

2*2 

6 

1*88 

0*6268 

2*4 

6 

1*88 

0*3546 

2*5 

6 

1*92 

0*4974 

2*4 

6 

2*85 

0*4538 

2*5 

6 

2*90 

0*4500 

2*7 

5 

2*97 

0*4622 

■ ■ 2*-5 ■ ' 

'6 

3*10 

0*4942 

2*5 

6 

2*52 

0*3476 

2*9 

6 

2*88 ■ 

0*4192 

2*3 

6 

2*08 

0*3104 

2*0 

6 

2*32 

0*4318 

2*6 

6 

3*1 

0*5800 

2*5 

6 

3*0 

0*6200 

2*8 

7 

3*9 

0*7200 

2*5 

6 

3*55 

0-7006 

2*8 

8 

4*37 

0*9520 

2*6 

8 

4*39 

0*8010 

2*9 

8 

4*23 

0*9526 

2*9 

7 

3*22 

0*6674 

3*1 

7 

4*40 

0*7846 

3*0 

8 

3*40 

0*6930 

3*3 

9 

4*51 

0*9458 

3*5 

9 

4*47 

1*2744 

3*5 

9 

5*17 

1*2974 

3*9 

10 

6*37 

1*4318 

3*7 

10 

5*6 

1*2924 


Analytical results 


Percentage 
of ' 
nitrogen 


Percentage 
of 
ash 


Percentage 
of 


No analysis was done 
Ditto 
Ditto 
Ditto 

4*08 


6*14 

6*32 

6*872 

4*688 

5*796 

5*686 

5*524 

5*928 

4*436 

4*788 

3*296 

3*758 

5*548 

4*436 

3*972 

3*344 

3*207 

3*532 

3*452 

2*819 

3*169 

3*882 

3*891 

3*232 

3*760 

3*891 

3*561 

3*768 

2*559 

3*621 

3*282 

3*282 

3*312 

3*141 

3*784 

2*952 

2*845 

3*097 

2*506 

2*793 

2*630 

2*660 

2*399 

2*612 

2*838 


16*14 

16*31 

16*88 

13*27 

16*38 

12*97 

11*78 

12*38 

14*34 

14*99 

13*84 

16*90 

12*61 

12*59 

12*19 

12*33 

11*64 

12*33 

12*16 

14*32 

12*66 

11*53 

10*94 

12*07 

12*50 

12*05 

10*88 

11*12 

12*56 

12*85 


46*34 
42*24' 
40‘83 
45*48 
40*45 
40 75 

34*67 

32*81 

35*31 

31*84 

41*11 

32*59 

33*23 

40*26 

35*64 

30*06 

30*90 

32*58 

29*24 

29*26 

31*37 

33*49 

29*58 

35*48 

35*18 

29*04 

28*54 

28*31 

26*73 

27*66 

33*34 

33*42 

30*62 

32*21 

33*96 

29*80 

28*09 

34*83 

31*04 

31*80 

34*95 

29*82 

34*59 

26*00 

27*35 

30*96 


BdEON STATUS OF SOME BENGAL SOILS 
Table I (emeld.) 

The growth observations and the results of analyses of Cypfcoategia grandifiora seedlings 


Rate of growth 

Analytical results 

Date when, 

.. ■ssedllEgs: were 
pulled out 

Age of 
seedlings 
in days 

■Average 
length 
of root 
of 10 
seedlings 
in in. 

Average- 
length 
of stem 
of 10 
seedlings 
in in. 

Average 
No. of 
leaves 
of 10 
seedling 

Fresh 
weight 
of 10 
seedlings 
in ,gm. 

Dry 
weight 
of 10 
seedlings 
in gm. 

Percentage 

of 

nitrogen 

Percentage 

of 

asli 

Pereen,tage 

of 

ri-sins 

lMl-43 . 

51 

2-6 

3-3 

9 

5*36 

0*9634 

2-600 

12-22 

29-96 

12-11-43 . 

52 

5*6 

3*7 

10 

7*47 „ 

1-4004 

2-501 

12-76 

30-56 

13-11-43 . 

53 

5*6 

3*9 

10 

8*27 

1*5700 

2* 685 

11-83 

29*27 

14-11-43 . 

54 

4*7 

3-1 

9 

4*05 

0-8020 

2-576 

13-37 

28-35 

15-11-43 , . 

55 

5*5 

2-2 

11 

10*28 

1*9298 

2-541 

10-76 

28*31 

16-11-43 . 

56 

6*2 

3*1 

11 

6*9 

1*2990 

2-565 

12-27 

34-83 

17-1 1-43 ■■■.' 

57 

6-0 

4-0 

10 

IM 

2-3516 

2*596 

13-37 

28-08 

18-11-43 . . 

58 

6*5 

3-9 

10 

6*2 

1*8118 

2*767 

12-24 , 

31-52 

1,9-11-43 ■ . 

59 

■ 5*5 

3-7 

10 

6*9 

1-5270 

2*301 

11-35 

28-17 

20-11-43 

60 

4*8 

3*5 

9 

7*15 

1-4780 

2-432 

10-09 

3M2 

21-11-43 . 

61 

4’3 

3*8 

10 

5*9 

1-5170 

2*911 

13-36 

29-27 

22-11-43 . 

62 

■■ i 

,4^2 ' ■; 

4-1 

9 

6*78 

1-5846 

2-640 

10-62 

34*59 


iV.B. The colour of the root was white, that of the stem and leaves was pink and green respectjvely after one week 
of germinatioo. 


STUDIES ON THE BORON STATUS OF SOME BENGAL SOILS 

By M. 0. Gh'ani, M.Sc., Ph.D. (London) and A. K. M. Fazlul Haque, M.Sc., 
Department of Soil Science, Dacca University 

(ReceivTcd for publication on ] 6 December 1944) 


Though the problem of boron nutrition of plants has 
been receiving increasing amount of attention in its 
various aspects in the hands of plant pathologists, 
soil scientists, biological chemists and fertilizer 
producing concerns in different countries of the 
world, particularly in America, practically nothing 
is known about the boron status of Indian soils and 
the influence of boron on Indian agriculture. In 
Europe and America, borax has already become a 
standard ingredient of fertilizers for certain crops 
and the practice is rapidly spreading with the pro- 
gress of research in this held. 

It is, therefore, a matter of first rate importance 
from the view point of practical agriculture to 
ascertain the deficiency or sufficiency of this element 
in Indian soils and to study the problems arising 
out of it. Once the deficiency is known to occur, 
the next steps would be to find out the localities 
affected, the extent of deficient areas, the various 
plants affected and the measures necessary to 
counteract the deficiency. The object of the present 
work is to throw some light on the boron status of 
some Bengal soils taken firom different parts of the 
province. 


Analytidal methods 

Determination of boron in ffoil extracts. In the 
determination of boron in soil extracts, the quinali- 
zarin colorimetric method of Berger and Truog 
[ 1939 ] was used all through this work. Prei>ara- 
tion of colour standards, 98*5 " per cent sulphuric 
acid solution by weight, quinalizarin solution and 
other reagents required in the determination were 
made exactly in the same way as was described by 
the above authors. 

Determination of water '■soluble boro7i of soils. 
After making numerous tests with water at different 
temperatures and by changing the mode of extrac- 
tion, it was found by Berger and Truog [ 1939 ] 
that refluxing of the soil-water suspension for five 
minutes was the best procedure for extracting the 
water-soluble boron of the soil. The same authors 
[ 1940 ] showed that the results thus obtained gave 
good correlation with plant response to boron fertiliza- 
tion. De Turk and Olson [ 1941 ] showed that 
water-soluble boron is a fairly reliable measure of the 
available boron content of soils.' This method is now 
widely used for the determination of available boron 
pf soils and has been adopted in this work as welL 
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Determination of acid-soluble boron of soils. 
Bicliards ei aL [1942] stated that digestion of a soil 
with a fairly strong acid would furnish a means for 
separating the maximum available boron from the 
soil According to him, although tourmalline and 
other horo-silicate minerals will not be affected by 
strong acids, the boron in organic matter, in 
precipitated borates or boron in soil colloids should 
be readily liberated, as boric acid by such a digestion 
and would therefore give a measure of the boron- 
present in soil -which, though not immediately 
available, would represent the portion available 
with difficultv. They used 85 per cent orthophos- 
phoric acid as a digesting solution. Dilute acids 
have also been tried by some workers. Askew and 
associates [1937, 1938] extracted several New 
Zealand orchard soils with 0-05 hydrochloric acid 
and found 0-06 to 0-68 p.p.m. of boron in the extracts. 
Woodbridge [1940] found that water containing 
carbon dioxide extracted 0-09 to 0-33 p.p.m. of boron 
from several soils from British Columbia. Berger 
and Truog [ 1940 ] extracted eight soils with N/10 
sulphuric acid both by shaking for 30 minutes and 
by refluxing for five minutes. From its analogy as 
an extractant for easily available soil nutrients 
such as phosphorus and potassium, N/2 acetic 
acid was used in this work. The extraction was 
done by refluxing for five minutes and the soil- 
solvent ratio was the same as in water extrac- 

^^^Determination of total boron of soils. In the 
determination of total boron in soil, the soil must 
be completely decomposed and fused as it contains 
highly resistant boro-silicate minerals. Alkaline 
fluxes, soidum carbonate, potassium carbonate, 
sodium acid phosphate may be used as a fusion agent. 
Berger and Truog [ 1939 ] found that fusion with 
anhydrous sodium carbonate followed by addition 
of sulphuric acid to bring the reaction of the final 
solution within a pH range of 5-52 to 6-00, hastens 


the disintegration of the melt and leaves most of 
the sexquioxides and silica in insoluble form. The 
larger amount of sodium sulphate that is formed 
could be thrown down by the addition of alcohol 
upto 60 to 70 per cent by volume. The small 
amounts of non-volatile organic matter usually 
introduced with the alcohol may be destroyed by 
igniting the residue obtained after the final evapora- 
tion. McHargue and Hodgkiss [ 1941, 1942] , using 
this procedure obtained satisfactory results for the 
total boron content of soils. Berger and Truog’s 
[ 1939 ] method was used in this work for the deter- 
mination of total boron of soils. 

Water soluble boron by shaking method. It was 
pointed out by Berger and Truog [ 1939 ] that 
refluxing of the soil-water suspension (soil-water 
ratio 1 : 2) for five minutes was the best procedure 
for the determination of available boron of soils. 
Refluxing for periods either shorter or longer than 
6 to 10 minutes extracted more boron. They were 
able to recover completely the soluble boron added 
to soils by this method. The addition of hot water 
followed by shaking for 30 minutes did not result in 
complete recovery. The efiect of time of shaking 
on the available boron extracted was not, however, 
investigated by them. To see the effect of time on 
the amount of available boron extracted by the 
shaking method, the following procedure was 
adopted. 

Twenty gm. samples of soils were weighed into 
shaking bottles and 100 c.c. of redistilled water 
added to each. The bottles were then shaken in a 
mechanical shaker for periods of 15 minutes, 30 
minutes, 46 minutes and an hour. After the 
shaking, the soil was immediately filtered and boron 
was determined on an aliquot of the filtrate. Six 
soils representing different soil conditions and 
containing different amounts of water-soluble boron 
were selected for this work. The results are shown 
in Table I. 


Table I 

Effect of time of shaking on the water-soluble boron in p.f.m. 


Dacca (No. 1) 

Barisal (No. 4) . 

Berhampore (No. 10) 
Badurkhali (No. 13) 
Hijaibeel (No. 16) 
Hawar area (No. 18) 


15 min. 
shaking 

30 min. 
shaking 

45 min. 
shaking 

1 hour 
shaking 

Refluxing 
for 5 min. 

0‘87 

1-00 

0*87 ■ 

0*63 

0*63 

0-63 

0-75 

0*62 

0*40 

0*63 

0-75 

0-87 

! 0*75 

0*75 

0*45 

1 00 

M2 

' 1*00 

0*87 

2*00 

0'75 

0-87 

0*75 

0*62 

0*40 

0‘63 

0*75 

0*62 

0*45 

M2 


VI 


BOROH STATUS of: SOME BENGAL SOILS 
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It will be seen from Table I that the available 
boron extracted by siiaking for 15 minutes is greater 
than that obtained by refluxing for five minutes in 
the soils having a low <*ontent of available boron, 
wdiiie in the two soils rich in available boron, shaking 
extracted less Ijoron. it may mean tiiat part of the 
boron present in the latter is present in a form which 
is not soluble in water at the ordinary temperature. 
It will be further Been that as the period of shaking 
becomes longer, the amount of boron extracted at 
first increases and then gradiially falls off. The 
maxinium amount of boron is extracted at the 30 
niiiiutes shaking period. This is true for all the six 
soils studied, it would appear that along with the 
solution of the soil boron, an opposing reaction by 
which boron is precipitated into insoluble compounds 
go on simultaneously and as time progresses tim 
opposing reaction gets the upper hand. This is 
probably why Berger and Triiog [ 1939] could not 
recover the wdiole of the added boron by shaking for 
30 miruites with hot water while refluxing for five 
niinutes effected complete recovery. This precipita- 
tion is probably counteracted if tiie extraction is 
done bv boiling water and hence as tfie time of 
refliixing is lengthened, more and more boron (may 


be of the more' resistent type as^w^ell) come into 
solution. The five minutes refluxing pi'ocedure of 
Berger and Trtiog wars flnaliy adopted in this work 
for the determination of available boron. 

Results obtained 

The water-soluble boron, acid-soluble boron and 
total boron content of 26 samples under study are 
shown in Table IL ;pH organic carbon, content and 
exchangeable calcium content of the >soils are also 
shown in the same table. The soil samples analysed 
were collected from different parts of Bengal. They 
were selected for this investigation as representative 
of various types of soils found in different regions of 
the province. They covered both the acid and 
alkaline ranges of pH. In the case of soils obtained 
from the district farms and other exx>erimental farms, 
whenever possible, samples were taken from both 
unmaniired plots and from plots fertilized with 
different kinds of artificial fertilizers and organic 
manures. Some samples were taken from typical 
lowland areas where the soil remains submerged 
under w^ater for four to five months and are specially 
adapted to the cidtivation of ‘ boro ’ paddy. 


Table II 


Results obtained {boron expressed as p.f.m.) 


Uescriptioii 


J)aeea Earm . . . • 

Baiikura Farm, iinmauiuvd . 
Bankiira Farm, manured 
Bariaai Farm, manured . 

Barisal Farm, unmaniired 
Midnayiore Farm, manured 
Midnapore Farm, unmamii-ed 
Rajah ahi Farm, manured 
Rajshahi Farm, unmainired . 
Berhampur Farm, unmanured 
Bed ^Soil I, Vovval area . 

Red Soil II, N^owal area 
Badarkhali (CTiittagong) ' Koseh .soil 
Sutahata (Midnapore) Flood area 
Hathhazaria I (Ohittagono;} 

Hi] a Ibeel ( M urshidabatl ) Lo wlam 1 . 
Tista Silt (Rangpur) 

Rawararea t f^Iymeiisiug) 

Hawar area II (Mymeusiug) . 

Daulatpur Faian (Khulna) 

dessore Farm .... 

Baiikura, FTighland 

Suri Farm ..... 

Rangamati (Uhittagong) 

Hathhazari II (Chittagong) . 
Paralbari (Midnapore) Flood area . 


,,R 

Water- 

soluble 

boron 

Acid- 

soluble 

boron 

Total 

boron 

Percentage 

of 

organic 

eai'bon 

Percentage 
of ex- 
change- 
able 
calcium 

5-1 

0-63 

045 

33 

0*907 

0*130 

5-2 

D37 

142 

55 

0*887 

0*080 

5*2 

0-S7 

0*75 

100 

0*731 

0-132 

84 

0*63 

0*45 

43 

0-731 

1*877 

7*6 

1*62 

1*37 

400 

0*868 

2*065 

8*2 

M2 

0*63 

100 

0*936 

0-064 

8-0 

142 

0*87 

400 

0*868 

0*040 

8-2 

M2 

0*87 


0*960 

1*527 

S*2 

0-87 

062 

400 

0*056 

0-S82 

i 7-0 

045 

0*62 

400 

0*936 

0-066 

I 8-0 

045 

0*63 

100 

0*780 

0*065 

8-0 

0-75 

0*63 

100 

6*907 

0*098 

5*2 ' 

2-00 

1-75 


0*75,1 

0*064 

8-0 

M2 

1*37 ; 


1 0*887 

0*140 

S'O 

045 

0*75 ' 


rw 4*180 

0*088 

8*0 

040 

0*87 ' 


1*073 

0*177 

7d> 

045 

0*75 ' 


0*468 

0*370 

1)4 

M2 

0*87 


1*580 1 

0*168 

(54 

050 

0*45 


0*919 

0*140 

8‘0 

M2 

0*87 


1*082 

0*263 

(54 

142 

0*87 


0*539 

0*177 

.5*2 

0*75 

0*50 


0*406 

0*066 

8-0 

0*87 

0*75 


0*410 

0*564 

1 44; 

0*50 

0*45 


0*662 

0*045 

i- ■ ■ ■; ' 4-4 ■ 

075 

0*63 


0*254 

0*077 

! 50 

■I ■ , 

1*37 

M2 


1*034 

0*241 


in-Mll 
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Discussion OF 

Bffevl of p/f on amdlabUity cf bo iwi. It will be 
se(oi from Table 11 that tlie availa^^^^ content 

of the 2() soils under study ranges £i*om 04 p.p.m. 
to 2-0 p.p.in. The average comes to 0*9 p.p.m. The 
pH of the soils ranges from 4*4 to 8*4. In the 12 
acid soils the available boron comes, on an average, 
to 0*95 p.p.m., whereas, in the 14 soils having their 
pH above 7*0 ’and extending up to 8*2, the average 
of ayailabie boron comes to 0*86 p.p.m. There is 
also considerable variation in the aAmilabie boron of 
soils having the same or nearlv the same pH. For 
example, soil Nos. 6, 7, 8, 9, 11, 12, 14, 15, 16, 20 and 
23 having their pH at 8*0 or in the neigh boiirliood, 
contaiii ail amounts ranging from 0*40 to 1*T2. 
These results show that the amount of available 
boron present in a soil is deteriiiined by factors 
other than its pH. The nature of the parent mate- 
rial, the extent of weathering and leaching, the 
system of cropping and the hhenii cal composition of 
tiie soils may be assumed to play a large part i» 
determining tlie available boron content of a parti- 
cular soil. The results obtained by previous workers 
are of somewhat conflicting nature. Haas [ 1937 ] 
stated that a deficiency of boron is most likely to 
occur on alkaline or overlimed soils while Brariden- 
biirg I 1932] and Cook f 1 940 ] reported that the 
heart-rot of sugar beets was common on acid a/s 
well as on alkaline soils. Cook and Millar [ 1939] 
observed that tliere were so many cases of deficiency 
on acid soils and non-deficiency on alkaline soils 
that other factors than pH value were of greater 
importance. According to them supply of calcium 
and organic matter, and soil texture were most 
important in affecting boron availability. Purvis 
and Hanna [ 1939 ] reported that majority of boron 
deficient areas in America occurred on acid soils. 

Ejfect of organic niatter and exchangeable cahkim 
on boron availability. Cook and Millar [ 1939] 
believed that permeability of the sub-soil horiy.on, 
supply of calcium and organic matter and soil mois- 
ture were the most important soil factoi's afiecting 
boron availability. They showed that there was a 
correlation between the appearance of heart-rot in 
sugar beets and active calcium content of the soils. 
Even when the effect of pH was minimized by 
placing the soils into acid and alkaline groups, there 
was evidence to show that the soils on which heart- 
rot of sugar-beets occurred were higher in active 
calcium content then were the soils on which heart- 
rot did not occur. Purvis [ 1939 ] found that 
tolerance of soils to application of borax was corre- 
lated fairly well with the organic matter content 
and exchange capacity. Less injury was produced 
by borax in soils having a high organic carbon 
content and high exchange capacity than in a soil 
having a lower carbon content and exchange 
capacity. The results obtained in this work, how- 


ever, sisow (hai‘ tiicre is no ap[>arcnL rclal ion bf*1 we<ai 
the availability of boron in tlic soils and their organic* 
carbon or cxchangcadile ca.lciuni content. 

Arid-i^olnhle boron. Tin' results show that in tho 
majoritv of soils, llu' amount ot bojou dissoh'ed i)y 
N/2 acetic acid is less than water-solubh' boron. 
Out of the 26 soils, only in six soils the acid-soliiliU* 
boron is higher than the watcu-vsoliible boron. Al!^ 
these soils are alkaline in reaction, having a pM oi 
8*0 in four ca,ses. But as tlierc ai'e other alkaline soils 
in this series which have shown a decrease, no 
generalization is possible on the l)asis of pB. Tin* 
ratio of watcu'-sokihle i)oron to acid-soluble boron 
falls witliin a very narrow limit ; in most ul tin* 
soils the ratio vari<‘s iVom 1*1 to 1*4, Vvhich shows 
that in the majority cd’ soils acetic acid extraction 
method will give a relative measure of the availal)]e 
boron content of soils^ 

Total boron. Total boron wars dc'terniined ac- 
curately only in a. few saiiijdes ; in most oi the 
remaining soils the {(uantity was mueli a})ove iOU 
p.p.m. and could not be determined aceurateh^ as 
the colour /develo|)e(i was too blue to be coin]>ar(‘(l 
with the standards. Much of this total boron is 
present as ])articles of resistant rocks and minerals 
residual from the decomposition of the parent 
materia]. The most commonly identifiable l)oron 
mineral in soils is tourmaline whicli is a complex 
ahiininium boro-silicate <d‘ iron, magnesium or oilier 
bases and wliich contain 3*1 ])er <*ent of boron. Tin' 
boron present in this form is highly unavailable to 
plants. The results ol>tained by previous workers 
show that many soils contain high (piantities of 
total boron tlurngli the availabh* portion is usually 
very small. Bertraml and 8iiverstein | 1939 | 
analysed 24 soils tVom Euro])e and iVfrica for their 
total boron content and found it to vary from 7 
to 50 {).]). m., 75 per cent of them ])etweeii 10 to 30 
p.p.in. In 10 soil samples, Lnchetti [ 1938] found 
the total boron to range from 20 to 100 [).p.in. 
Rogers and associates by s})ectrosco])ic analysis, 
estimated as much as 100 to 500 ]).]>. m. of boron in 
certain soils from Florida. 

Di^f rib avion of a rail-able boron by areaf^. In tlu' 
absence of any well defined classification or grouping 
of the Bengal soils, it is difficult to say with any 
amount of ])recision whetlier the deficiency or non- 
deficiency of boron is connected Avitli any particular 
soil type of the province. It nmy, however, he 
observed that the soils taken from tlie (bittagong 
district are low in their availalfie boron content. 
Tlie soil Nos. 15, 24 and 25 taken from that area 
contain 0*45, 050 and 0*75 p.ji.m. of available 
boron respectively. Soil No. 13 (Badarkhali) taken 
from the coastal tract of Chittagong is the only 
exception. This soil contains the highest amoum 
of available boron, namely, * 2 p.p.m. This soil 
which goes by the name of ' Noscli ’ soil, was 
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iucUided ill this .serieS: because of its Bigli infertility 
wliicli cannot be .ascribed to any of tlie laiown 
causes. Tlie .result obtained, here is ; interesting 
because the :Soil is found to contain . a very 
umoutit of available boron wbioii may bill witliin the 
border line of toxicity and tkiis be partly responsible 
for tbe iinprodiictivity of the soil. The soils from 
the district .of Midnapoin which are subjected to 
occasional flooding by sea water reveal great 
similarity in their available boron content, the 
quantity being iiiiich higher than those of the 
Chittagong area. Thus soil Nos. 6, 7, M arid 26 
from this area contain 1*12, 1*12, 1*1.2 and l*3i 
p.p.ni, of available boron respectively. This high 
figure must be due to inundation of the area bj' sea 
water. It has been shown by hloberg and Harding 
[ 1933 ] that the concentration of boron in sea water 
is about 4*5 p.p.m. Richards ei al. [ 1942] have 
stated that irrigation water may add boron to the 
soil of the cultivated areas. From a comparison of 
water soluble boron of a number of irrigated and 
non-irrigated soils, they found that the irrigated 
soils contained 2*84 p.p.m. of water soluble boron 
on an average as compared with an average of 
b*37 p-p-iii- i^ non-irrigated soils. According to 
them much of the boron added by irrigation water is 
retained by the soil in a readily soluble form, thereby 
considerably increasing the water-soluble boron 
content. The soils from Barisai, Khulna and 
Jessore (Nos. 4, 5, 20 and 2i) forming part of the 
saline tracts of the Sundarbans also show a similai.1} 
high figure for available boron (average 1*12 p.p.m.). 
The three uncultivated soils from Dacca, Hijalbeel 
and Tista (Nos. 1, 16 and 17) are hiirly low m 
available boron. Similar is the case with the red 
soils from the Vowul area. The average boron 
content of the soils taken from the interim', namely, 
Rajshahi, Bankura, Berhampore and Suri shows an 
average which is nearly (Mpial to the general a.\miage 
of the available boron in tiie 26 soils vstudied. 1 here 
does not seem to be any consistent dilfereiice betwep 
boron availability of manured and unmanured sods 
of the same locality. 

The results obtained here do not, however, allow 
any inference to be drawn as to whether the con- 
centration of boron usually present in Bengal soils 
falls within the dehcieucy or toxic concentration oi 
the element. Sinrh an inference is only 
wdien extensive held trials are made on dinerent 
types of soils and with different kinds of crops and 
the laboratory results are calibrated. From the 
results obtained by various workers in other countries, 
it appears that th(‘. concentration of boron below 
which deheieuev svmptoms will appear, lie within a 
ranae of 0*25 to 0*4 p.p.m. and that boron will begin 
to show its toxic effect as it approaches a conceiitra- 
tion of 2 p.p.m. From this point of view, the 
Bengal soils studied do not seem to indicate either 


excessive, or deheient concentration of available 
boron. 

Boron present in organic coaihiHallon, ^ Boron is 
added to the soil With every addition ol Yegetabie 
and animal matter and w'ith decay and decomposi- 
tion of the organic residues, it will be liberated in 
inorganic forms. As the decomposition of the 
organic matter is constantly going on in the soil 
through the agency of micro-organisms, the soil 
organic matter may be looked upon as a reserve for 
the available boron. It wus thought that deteriiiina- 
tion of the organic boron content of soils might hav e 
useful information to a study of the boron status of 
soils. No method has yet been devised for estimating 
the boron that is present in soils in organic combina- 

tion. . , , 

It is know^n that when soil material is ignited, 
organic matter is destroyed and therefore the mineral 
nutrients are converted into inorganic forms. The 
increase in the soluble constituents of a soil caused 
by ignition may therefore be assumed to be derived 
from the mineralization of the soil organic matter. 
If the extraction is done under identical conditions, 
the increase wmuld represent the portion which has 
come from the organic matter by its destruction or 
in other words the increase will represent the organic 
form of the element. This principle has been utilised 
in determining organic boron of the soils. 

Twenty gm. of soils w^ere w’^eighed in a porcelain 
basin and the basin was placed inside an eiec1^ 
muffle. The muffle w^as adjusted at about 600 C. 
and the ignition w'as carried out for an hour. Ihe 
sample was then cooled, transferred to the distilling 
flask and boiled under a reflux coiideuser with 
40 c.c. of distilled water for about five minutes. 
Boron was then determined on an aliquot of the. 
extract. From this wuis subtracted the amount of 
boron extracted from the unignited soil under 
identical conditions of extractions. The difference 
was taken to represent tlie organic boron of the soil. 
The results are shown in Table HI, 

Table HI 

Organk boron in p.p.m. 


Water-soluble 
boron of 
fresh soil 


Water-soluble i 
boron of - I 
ignited soil j 


Inc-rcase 
due to 
ignition 
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T-ablb III {mmld.) 
Organic boron in p,p,m. 


Soil 
■ , No. ■ 

Water-soluble 
boron of 
fresh soil 

Water-osluble 
boron of 
ignited soil 

. Increase 
due to 
ignition 

. GIO 

0*45 

0*75 

0*30 

Gii 

0-45 

0*76 

0*30 

:G12 

0-75 

0*87 

0*12 

G13 

2*00 

2*75 

0-75 

G14 

M2 

2-25 

M3 

G15 

0*45 

2*12 

1*67 

GI6 

0*40 

2*12 

1*72 

G17 

0-45 

2-12 

1*67 

018 

1-12 

2-00 

0*88 

GI9 

0*50 

2*12 

1*62 

G20 

M2 

2*12 

1*00 

G21 

M2 

M2 

0*00 

G22 

0*75 

2*12 

1*37 

623 

0-87 

2-12 

1-25 

G24 

0:50 

1*87 

1*37 

625 

0‘75 

2-63 

1*87 

G26 

1*37 

1-37 

0-00 


It will be seen from Table III that in most of the 
soils ignition has increased the amount of water- 
soluble boron. In some cases the increase is as 
high as 1*87 there is no increase, 

showing that there is little boron present in organic 
combination whereas in half a dozen soils the in- 
crease is small as compared with others. 

SUMMAKY : ■■ ■ 

Twentysix soil samples taken from different parts 
of Bengal were analysed for their available boron 
content by the quinalizarin colorimetric method of 
Berger and Truog. The available boron content of 
these soils ranges from 04 p.p.m. to 2*00 p.p.m., the 
average being 0*9 p.p.m. The pH of the soils has 
little effect on the availability of soil boron. In the 
12 acid soils the average comes to 0*-95 p.p.m. whereas 
ill the 14 soils having their pH above 7 tlie average is 
0-86 p.p.m. of boron. 

In most of the soils boron soluble in N/2 acetic 
acid is less than the amount in water-soluble form. 
The ratio of water-soluble boron to acid-soluble 
boron falls within the range of 1*1 to 1*4 in most 
cases. 

There is no apparent relation between the availabi- 
lity of boron and the organic matter or exchangeable 
calcium content of the soils studied. 

The soils taken from the district of Chittagong are 
generally low in available boron whereas the soil 
taken from the district of Midnapore which are 
subjected to occasional flooding by sea water contain 
a much higher percentage of boron. The soils from 
the saline tracts of Sundarbans also show a similarly 
high figure. 

The amount of bo^ori extracted by shaking with 
water is less than that obtained by refluxing for five 


minutes in the soils haYing smaller amounts of 
available boron while shaking extracted less boron 
from the soils which are rich in available boron. 
The amount of boron extracted by water at first 
increases with the increase in the period of shaking 
reaching a maximum at the 30 minutes shaking 
period after which it falls off slowly. 

Ignition of the soil in most cases increased the 
amount of water-soluble boron, sometimes by as 
much as 1*87 p.p.m. The difference between the 
water-soluble boron of the ignited and the fresh soil 
has been assumed to represent the boron present in 
the soil in organic combination. 
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SOME OBSEKVATIONS OK THE GENETICS Oi’ LINSBEH 

By T, S. Sabnjs, B.A. (Hons.). D. Be., F. A, So., I. A, S., Economic Botanist (Oilseeds) and T. R. Mehta, 
B. So., Assoc. \. A.R. \,, Research Assistant to the Economic Botanist (Oilseeds) to t-ToveiTUiieiit, 

U. P.j Cownpore. 


(.H»‘Ceiv(‘<i foi- piibiication on 13 Febnuiv 1945) 


Linseed ranks second in importance among the 
oilseeds of the United Provinces, the first jilace being 
held by ii/Y/s'.sT'rr/c. The area mider linsetal in the 
United Provinces is about 900, OOO acres, which ivS 
roiighlv 2'J ])er cent of the total cropped area of the 
provinc(‘. Relative to the linseed acreage in India, 
th(‘ crop occupies about 22 per cent of the area in 
the United Provinces which comes next only to the 
C.kmtral Provinces and Berar w;hich claim 28 per cent 
of the area. But in the matter of production, the 
I United Pi'ovinces ranks first, contributing 309 per 
cent of the total ]n‘oduce, followed by Central Pro- 
vinces and Berar which contribute 17‘9 ])er cent.'*’' 
Breeding work on linseed was started at tlie Bota- 
f nical Research Farm, Cawnpore, as early as 1924-25 
when a collection of varieties of Indian linseeds and 
foreign flax varieties was made. In subsequent 
1 vears ciaisses were made between the indigenous and 
exotic varieties, with a view (1) to combine rust 


resistance of the flax varieties with the higher yield 
and oil content, earliness and bigger seed size of the 
indigenous types and also (2) to isolate flax like 
hybrids suitable for conditions obtaining in the Uni- 
ted Provinces. One of the crosses made with the 
latter object has given a number of hybrid forms 
which while retaining, and some of them exceeding, 
straw length of the flax parent possess a suitable du- 
ration and adaptation to local conditions. The 
exotic flax types were never a success due to the poor 
germination, long duration and defective seed set- 
ting. The extracted hybrids are free from these short- 
comings. Two of these, viz. Fx3 andFx6, are now' 
available for multiplication. 

The above cross also provided an opportunity 
for the stiidy of inheritance of colour character of 
the flo\ver. The parents were English White and 
C. P. White : their characters are recorded in 
Table I. 


Table I 



2' he chamciers of C, P. White mid English White 


Parent? 

, 'Flowers 

Petal 

Anther 

Seed 

(*. P. White . 

I^arge, open , 

MTiite with pink tinge and violet 
st rcaks 

la'glit blue . 

Dull white 

Pinjflish ^Vhite 

Me<l ill in sized, not liilly 

Wliite with \'ery faint bluish tinge 

8alnion 

Brown 


open 


1 . ■ 



The types were crossed in 1928-29, and later again 
crossed in 1938-39 to confirm the observations made 
I earlier. 

( Fi Generation, The F^ plants had, unlike the 

I parents, blue corolla, and the anthers were light blue 
I and the seeds brown in colour, 

; Pg Generation. The F^ generation was studied for 

‘ the segregation of corolla colour. Four main pheno- 

typic classes were observed, viz. two parental classes, 
one class like the Fi and a new white-petalled class. 
They have been, termed C P W (to represent the 
corolla colour of 0. P. White), E W (to represent the 
; corolla colour of English White), Blue (the F^ class) 
and W (the new white-petalled class). The fre(|uen- 
cies were as foliow^s (Table II). 


* See Report on Mark ding of Linseed in India Pubiisbed by 
the Manager of Publications, Delhi 


The values of in the t\vo cases are, res})ecfivo]y, 
T91 and 1*87. The corresponding values of P are 
0*603 and 0*604 respectively, wdiich show's tliat the 
fit is good in both the cases. 

Pg Gevieration, fVho data obtained in F., were in 
close agreement with tlie expected segregations of 
the hybrids and are not [)resented liere. The fre- 
quencies given by tlie segregating F,.^ families were 
recorded and the fit in CT^cry case was very close. 

The behaviour of corolla colour in inheritance is 
similar to that recorded by Sliaw, Khan and Alam 
[1931]. In a cross between tivo linseed types, I and 
12, possessing corolla colour similar to that of C. P. 
White, and English White res])ect.ively, they secured 
in F^ a dihybrid segregation. However, they observ- 
ed a deficiency in the double recessive phenotype 
which they ascribed to some lethal combination 
of two factors. It is 'quite possible that the size 
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Table II. 

TIte Jreipiennes of phenotypic clofoics in i\. generatum 


Observed 


Observed 




F:2 (' 


■ ■ 1 

1 

• 

.Blue 

i'PW 

FAX 

W 

" ■■ ~ 





English White x IJ-.P. White 




1 


1 504 

^ 471 i 

493 

174' 

: J. basiii . • 

MSb-I ; 

1 . 495*4 

495M 

165*1 


1 . 


C, P, White IS. English White 






]443 

489 

497 

178 

i : 1 basi.s . ■ . . ■ - * * 

1466 

489 ■ 

489 

16.3 




; — — 


of F 2 population studied by tliein, vi;:. 34:2 plants, 
was not large enough to give the expected strength 
of the double recessive phenotype, and that with a 
larger poiiulation no such deficiency might .have been 
observed. In the above cross between C. P. White 
and English White, no such deficiency was observed. 
How'ever, the inheritance can be explained accord- 
ing to the theory applied by Shaw, Alani and Khan. 
Employing the genic symbols used by them we can 
represent the constitution of the corolla of the two 
])areiits as follows : - 

C. P. Wbite--- BB CC dd EE EF. 

En'g. White — bb CC DD EE FF. 

B is a. factor wiiich acts with C to produce pink 

colour in the petal. ^ i x 

0 is a factor for colour in the p(*tals and acts 

with B to produce pink. 

D is a factor which modifies pink to Idac. 
Tn the absence of B and the presence of E, it 
causes a faint tinge of blue. 

E is a factor which intensifies colour in the petal. 
F is a factor wliich dilutes pink colour in the 
petal. 

The F, of the above cross had blue petals and 
had the constitution BbCC.Dd.EEFF. The F 2 
liad the four phenoty})es in the proportion 
9 : 3 : 3 : 1 as follows : 


rner ('01011.1 io.i l-uc; jj.u.r.jiv.^1. > r, ...... — - 

mon ’ colours. The segregation was iiKyno-genic, 
gi^’ing in every case the ratio 3 • 1 vitli i lie usual 
variation. The totals for the 49 fam 

Liy;lvt blue iSaluion 


( )baerved 
Kxpec'ted 
Ratio 


The fit is good. 

' Sekd^ (::o.lou:r 

Counts of brown and fawn seede-d segregates in 
19 families gave the following fK-n-iueneies : 




Brown 

-Fawn 

Obserwd 

K.vpocted 

Ratio 

; ' ' ■ , j 

771 

765 

3 

249 

255 

1 


OBCORF 1 i) .BCdEF 


aiK'DKF MKMRK 


HI,,, nu K. WWteHkc C. P. WhUPltko Kuk. no_^ 


Anther colour 

Among the numerous hybrid families raised in 
different years segregations for anther colour, seed 
colour, height, duration and habit were observed and 
were recorded in some cases. Thus in 1940-41 
counts were made in 49 segregating families for an- 


The difference in seed colour thus appears to be 
due to a single gene, a fact which agrees with the find- 
ings of Ali Mohammad and Khan [194.1]^ who as- 
cribe the brown seed colour to the interactioji cd two^ 
factors G and M and fawn colour to the operation of 
Al alone and absence of Ct. 

Discussion 

The similarity between the results presented a bovi' 
and those described by Shaw, Khan and Alain 1 1931 j 
and by Ali JMoliammad and Khan [ 194 i 1 is signifi- 
cant. This similarity would only mean tliat a.lt liongl 
the imiteriai which the different workers used 
senti^ widely different agricultural and conmnu'ciai 
varieties of this crop, It possessed similar, if not 
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My Hem SxNcm Piujtht, M. Sr. (Puxjab), Ph. D. aiui Bcr I). (Caxtae.), F.P.A.S.B., K.N.l. and 
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RusfaiiTdi Iiistitute, New] )e]h^ 

(tr. ci‘ivtsl for piiblicatio i on 2 Jainiary 1047)} 

(Witli one text- figure) 


As expected an insect pest generally attracts the 
serious attention of an economic entomologist only 
when at least once its attack assumes such devasta- 
ting severity that the problem of its immediate con- 
trol overshadows ail other considerations. Natu- 
rally therefore, under such conditions enougii thought 
cannot be devoted to such matters of scientific accu- 
racy as those of methods employed for estimating 
intensity of attack or measuring pest incidence, etc. 
But when these so to say emergency methods are 
recorded in print they naturally are followed fry 
subsequent workers who overlook the eniergencv 
character of tliose metliods. Due to this circum- 
stantial sequence for which nobody can be said to be 
realh' rps|)onsible; we find today in tlie litera- 
ture on economic entomology that a larg'e num- 
ber of defective metliods of computing and com- 
paring pest iucideiK^e are Ixeing continued by 
worker after work<‘r. The aim of the present article 
is to invite the attention of entomologists to some 
typical examples sliowiiig the nature of flaws existing 
in the present day common methods. An effort; has 
been also made to offer an eavsy correction for the main 
< flaw. Of course, it is ])y no means intended to ])e- 
little the works of. previous investigators : the apo- 
logy for the critical atialysis presented herein lies in 
the fact that as result of the labours of the same pre- 
vious workers now economic entomology has reach- 
ed that firoud stage when it requires all the accu- 
racy of exact sciences and when at least glaring flaws 
111 its technique must be examined and corrected. 


Common methods ob comcutino iatidenue 

As will be clear from the actual refei'ciUMss some of 
whicirare cited later on, the incidence of both jiests 
and parasites is generally recorded in the form of ‘ Per- 
centage Valu(*s h Th(‘ pest is recorded as j)eiceniage 
of the material liable to be damaged ; foi* example in 
the case of cotton Ijollworms it is a common record 
that bollworm incidence was say 50 pei* cent, meaning 
thereby that 50 hollvvonns were found per 100 buds 
and bolls examined or 50 per t'cnt of the l>olls and 
buds examined had bollworms. Again in the ease 
of sugarcane borers we often come across statements 
like. ' top-borer incidence was 10 per cent ‘ stem- 
boi*er incidence 15 per cent ' and so on. Similarly 
parasite incidence is recorded as percentage of the 
host insect examined. 

Some authors have made slight deviations from 
the above general practice ; some of these deviations 
afford comparatively a little better method, some 
mean essentially the same ex])ressed in different terms 
and there are some others whicli at first thought ap- 
])ear to constitute improvements but are actually 
much worse. For example, some workers on cadton 
bollworms have expressed incidence as biumber of 
bollworms per 25 jflants ’ which the sanse thing as 
percentage, incidence with resjject to tlie niimher of 
})]ants instead of }jercentage incidence with respect to 
the number of buds and bolls. As will be shown later 
this deviation is a little for the better. Workers on 
leaf-miners and leaf-suckers like aphids and white- 
flies express incidence as ' mnnber of insects })er 


r 


MFTHO'DH OF OOMPUTINn PEST INCIDENOI 


identical, gene.s for eohjur of petais, anthers and seeds, 
li would appeal', thei'efoiH*, thut the genic coiistitu- 
lion of linseed is corn para ti\'C‘ly simple in spite of tlie 
great \-aria.bility slntwn lyv tins ci'op. Ihifortunate- 
jy tilt', records on the gernUacs oi’ linseed are ineagre 
and whether the. gvnic constitution is more eom|)ie.x 
than wbat a]'q)ears from recorded work, is a question 
whicli must be left to tlie future. 


with those obtained by Shaw, Khan and Alum, vi;i. 
a diliybrid segregation into four phenol ypes in the 
latio 9 : 3 : 3 : 1. The doubh* recessive ]»}ier]ot.y])e, 
liowever, did not show any deficiency in minif)er as 
that observed by the oilier workers. 

The inheritance of antinu’ and seed (.‘oloiir was also 
.studied and was found to be monogenic. 

REFER ENC’K.S 


Bummarv 

The inheritance of petal colour in a cross between 
two pure lines of linseed was studied and was found 
to be govej'iied by five genes, the parents di fieri ng 
from each other in two genes only. The results agree 


All .Mohan niuul and Kliau, A. R, (ItHi). .Sonu' hifodina 
iiiveRtiiiHtion.s of linseed in the Pnnjah. } ndum J. agric. Sd. 
11, 482AA 

.Shaw, F. .f. F., Khan, A. K. and AJaiii, M. ( 19JU). Studie.s 
in Indian Oilseetls, V. The inherilanee of <-liaractt*is in 
Indian linseed. Indian J. agric. Sri. 1, 1-57 





leaf’ wMclivis the same things as percentage inci- 
dence with respect to the number of leaves. Other 
w^orkers on the same pests express the incidence as 
‘ number of insects per unit area of leaf surfeceh As 
will he shown later this is an example of deviation 
which is apparently more scientific than incidence 
expressed as number per leaf but is actually mucli 
worse. 

The chief flaw ahd its cobrection 

The chief flaw in all the above methods is that they 
ignore the fundamental axiom that the scale used for 
measurements must be constant if the measurement 
is to be reliable. When the incidence of a pest is 
recorded as percentage of the material liable to be 
damaged, the quantity of the damageable material 
becomes the scale against which the pest pox^ulation 
is measured. Thus the number of buds and bolls 
becomes the scale in the case of boll worms, the num- 
ber of canes in the case of cane-borers, the number 
of leaves or area of leaf-surface in. the case of leaf- 
miners, aphids, whiteflies, etc. Similarly when we 
express the incidence of a parasite as percentage of 
the host parasitized, the number of the host insect 
becomes the scale against which the parasite popula- 
tion is measured. Now these scales are obviously not 
constant. In nature both the quantity of damage- 
able plant material in the case of pests as well as 
the quantity of parasitizable insect host material, 
in the case of parasites practically vary from zero 
to infinity in the same season. The plant material, 
i.e. crop is absent, then it is sown, and it germinates, 
then it gradually grows in size and quantity and is 
finally harvested away; similarly the insect host 
material, i.e, pest is at first practically absent, then 
it makes its appearance, and its number gradually 
increases and then decreases again. This is an illus- 
tration of only seasonal variation in these scales ; 
there are variations due to several other factors 
as will be clear shortly. Thus the scales with 
which we-^neasure the incidence of pests and parasites 
are subject to such wide fluctuations that the mea- 
surements, i.e. ‘ percentage incidence ’ values, cannot 
be expected to be reliable or comparable at all. Let 
us take a concrete example of bollworm percentage 
incidence. Suppose at the time of first observation 
the field contains 100, 000 buds and bolls and there 
are 10,000 boilworms distributed in the field, then 
if we conduct sampling in the usual way we will 
get 10 boilworms per 100 buds and boils examined, 
i.e. we will record 10 per cent incidence. Further 
suppose that when the same field is examined after 
some time for second observation the number of 
buds and bolls in the field has increased to 
200,000, but the number of boilworms has remained 
unchanged at 10,000, then in the second observation 
the sampling will give only 5 boilworms per 100 
buds and bolls examined, i.e. we wfi! record only 5 


per cent incidence. The comparison of these two 
observations, i.e. 10 per cent and 5 per cent incidence 
will ordinarily lead us to conclude that bollworm 
activity has decreased in the field due to some 
reason although obviously it has not been actmilly 
the case. These observations will lead us to an 
erreneo US conclusion simply because the scale used 
in measuring the incidence has not been constant, i.e. 
the niimher of buds and bolls has changed. 
That such erroneous conclusions are actually arrived 
at in misleading nature of 

‘percentage incidence’ is amply proved by the follow- 
ing actual observations in the field : Uliile study- 
ing the popiilation fluctuation of spotted boll- 
Vvorm of cotton, we have been recording the total 
number of boilworms per acre, the total number of 
buds and bolls per acre, and also the percentage 
incidence of boilworms with respect to the number 
of buds and bolls. All the three sets of data for one 
complete season are graphed in Fig. 1. From this 
figure it will be cl(‘ar how the percentage incidence 
often gives absolutely wrong idea. For example, 
starting from e in Fig. I, it will be seen tln-tt the 
number of .boilworms rises or at least remains (tons- 
tant up to the point f, but since the number of buds 
and bolls has considerably risen from c to /the per- 
centage incidence shows a steep fail. Again after the 
point as the luimber of buds and bolls is rapidly 
decreasing the percentage incidence is showing rapid 
rise though actually there is little rise in the actua-1 ^ 
number of boilworms. In fact it is needless to point 
out the other discrepancies which exist : where the 
trend of change is indicated rightly the rate of change 
is hardly correct. These are the difficulties met 
with even when we compare the data from week to 
weak only ; the flaw becomes all the more glaring 
when we compare the data from year to year. 
Thus when we compare our own data on the 
basis of ' percentage incidence ’ of spotted bollworm 
with respect to buds and bolls for the three 
seasons (i. e. 1941-42, 1942-43, 1943-44) it appears 
beyond doubt that infestation was entirely difi'erent 
from season to season, the highest percentage inci- 
dence in the three successive seasons being 10 per 
cent, 5 per cent and 21 per cent respectively ; hut 
when we compare the population per acre for the 
same three seasons we find that the population was 
almost the same, the highest level reached in the 
different seasons being 23,000, 20,000, and 22,000 res- 
pectively. Thus the percentage incidence data alone 
would have erroneously indicated undue a]'])rehen- 
sion in 1943-44 and an unduly false sense of security 
in 1942-43, and would have set the entomologists 
thinking about the cause of these diffVretiees. : 

Probably recording of ' percentage incidence ’ 
has come in vogue under the impression that the 
quantity of the host material remains so huge as com- 
pared with that of the payasite that the forim^r cap be 


THE INDIAN- JOXTBNAL OP '-AGMCULTURAL SCIENCE 


266 


M7 



PKST IXeiDEKCK 


METHODS OF COMFUTIKC 


Kk-., I The wceklv Huetuution in the nojUiUitioa of the spotted hollworm of efdton at Delhi dtnin.H' jh4i-4 


A. The weekiy iliietuatioii in the aetual population 
per acre, the numbers 1, 2, 2 on its scale represent- 
ing tens of thousamls : 

li. The weekly percentage ineidenee of bolhvorms 
with respect to buds and bolls, the numbers on 
its scale rejrreKenling pereenta'Tt* li.Gures ; 

('. The weekly population of buds and bolls pei' 
acre, the numbers'* on its scale re]:>res(mtinj2: 
hundreds of thousands. 

taken as constant like the level of tin? sea . Tlxa falacy 
of this impression will be clear from the tlieoiy of 
biological control in which effort is made to rediict‘ 
the population of the host with the help of parasite. 
But surprisingly even in work on biological control 
' percentage incidence ' method is being used by 
many authors. Obviously the quantity of tlie host 
cannot be taken to be constant otherwise the experi- 
ment will he against tlio presumption. If the? host 
material is constant it cannot be controlled and if 
it can be controlled it cannot be constant. 

Dekectivk methods illustkated 
We are giving Indow a few typicai illustrations froiii 
■ entomological literature showing the magnitude of 
errror likely to creep in tlie results in case the funda- 
mental axiom ]>ointed out above is ignored. These 
illustrations will also show that the arguments ad- 
vanced against the common method of computing 
percentage incidence are also applicable with greater 
or lesser force to the various modificationB of that 
common method mentioned before. 

m4411 


'The letters a to z i*c])retfcat the points ou the ihiTM- 
u:raphs (?orrespondi!W to the niimbei's, along tlie 
absei.ssa ’whieh represent sej'iai mniibei*s of tlui 
weeks, i.e. 1. wei;k ending on 12th, 2. on 19th, 
.‘h on 2<jth didv, 4. on 2nd, 5. on 01 h, ft on iOtb, 
7. on 23rd. vS/on :JOt]i August. 9. on Oth, 10. on 
13th, 11. on 20th, 12. on 27th Sepiernber, 13. on 
4t}i, 14. on 1 1th, l“>, on ISth, lb. on 2.“>th Oetohei* 
rtud so on. 

1. Taking examples from Indian literature onl^ 
tin? extensive work on pink boll worm rig] it Itoio th® 
earlv papers of Fletcher and Misra | i92ij, 'Willcocks 
( 1921], Ballard 11922], up to most recent ])a])ers and 
re])orts, is based on ' percentage incidence ' only.^ 
For instance in a paper entitieii ' Incidence ol 
Plalyedra gossj/pielhi in relation to climate (1920-31) ’ 
hy ilarooii Khan [1938] both the regional variation 
as well as the seasonal valuation liave been studied 
with the help of ' ])ercentage incidence ’ onh' and on 
the basis of this .study Punjab lias been dudded into 
four zones wherein ‘ ]’>ercentage incidence ' lias been 
shown to vary between different limits. Kow' if the 
same zones arc compai*ed as regards number of bolls 
per acre tliore is obviously some difference between 
these four zones and this dilTerence also must have 
resulted into some difference in the values of ’ per- 
centage. incidence ’ even if the ]>opulatioxi of pink boll- 
worms ])er acre were to be the same in all the. zones. 
If the dilTerence in these four zones as regards number 
of bolls per acre is in the same direction as tlie differ, 
ence in population of bollworms per acre, then the 







oaiciilation of ^ percentage incidence ’ as reported by 
tbe author must have masked the actiml difference 
ill bollworm activity in these zones. Therefore the 
differences shown by the al^thor^s data on percentage 
incidence must be regarded as underestimates. On 
the other hand, if the differences in bolls per acre 
and boil worms per acre are in opposite direction 
then the differences shown by this author’s data must 
be regarded as overestimates. It will be instruc- 
tive to consider in this connection that the yield of 
cotton per acre probably decreases as we travel from 
western part of the Punjab to eastern Punjab and 
if this decrease in yield is due to decreasing number 
of boils per acre from west to east then, even if the 
boll worm population be uniformly distributed in the 
province, we should still find mathematically a pro- 
gressive increase in percentage incidence from w-est 
to east as reported by the author, but this progressive 
increase wdll be due to mathematical principle and 
not due to any ecoiogical huv so far as bollworiii 
distribution is concerned. Of course w’'e do not mean 
to contend that the wdiole of the difference in percent- 
age infestation between different zones is due to 
difference in boll production but the data given in 
the paper under reference do not show' as to how much 
the difference in boll production is responsible for 
difference in -percentage incidence This factor 
of boll prodiiction would not have interfered with the 
estimate if the data would have been given in terms 
of population per acre. 

2. Again in a more recent pap>er by Afzal Husain 
and Haroon Khan [1940], the Indian and American 
varieties of cotton have been compared with respect 
to pink bollworm infestation and here also the same 
flaw exists since only ‘ percentage incidence ’ has 
been taken as the criterion. Now if the and 
American varieties are compared as regards the num- 
ber of bolls per acre there is bound to be some differ- 
ence and this difference will itself create some 
difference in the values of ‘ percentage incidence ’ 
even if the bollworm number per acre be the same 
in desi and American varieties. Probably the 
number of bolls per acre may be less in the 
case of x4.merica.n than in the case of rfm varieties 
{although the yield per acre may be more in 
American due to larger size of mdividual Bolls), 
and the higher • percentage incidence ’ in American 
cotton may be partly due to this fact. Our conten- 
tion holds good even if the case is just the reverse, 
i.e, even if the number of bolls per acre may be 
more in American than in desi varieties in wdtich 
case the difference showm by the authors bctw’-een 
these varieties should be regarded as underestimates. 

3. The monumental work on spotted bollworms 
carried out from 1923-.31 by Deshpande and Nadkarny 
[ 1936 ] is based on ‘ number of bollworms per 25 
plants ’ wliich as explained before, is the same thing 
as ^ percentage incidence ’ with respect to plants. 


This criterioii contains the flawraiready discussed by 
us although, to a lesser degree. Bach data are 
cooiparable from W'eek to week if they are taken 
from the same field because the number of plants 
does not change much from w^eek to w-eek in the 
same field but siicli data are not comparable from 
year to year when crop changes and the number of 
plants also changes. Even if population per acre 
remains the same during different seasons, the 
season in' wdiich the germination remains compara- 
tively poorer gives larger number of bollworms per 
plant or per 25 plants because the same population 
distributes itself on a lesser number of plants : 
similarly' better germination produces the reverse 
effect. Our own data referred to above show' that 
although the highest level of population per acre 
reached during the three seasons (1941-42, 1942-43, 
1943-44) varied only as 23,000, 20,000 and 22,000, 
yet due to differences in popiilation density of p 
per acre during different seasons, the maximum 
value of number of bollworms per 100 ])lants fluc- 
tuated during the same period as 280, 110 and 384 
respectively. Thus the w'ork of Deshpaiide and 
Nadkarny contains detailed weekly data on number 
of bolhvorins per 25 plants for six consecutive 
seasons (1925-31) and the maximum number of 
bolhvorms per 25 jflants recorded for these different 
seasons are 87, 144, 78, 130, 204 and 220. These 
data without being converted into population per 
acre cannot give any comparative idea as to the 
extent to w'hicli the different seasons were favourable 
or unfavourable for bollworm multiplication because 
the number of plants was not uniform during all 
the six seasons, ;■ 

4. Very recently Trehan [ 1944] has studied 
incidence of w'hi telly of cotton by calculating 
number of immature stages of the wdiitefiy per 
square inch of leaf area. This criterion is even worse 
than ‘ percentage incidence ’ based on the ‘ number 
of leaves ’ as leaf area is more variable than leaf 
number. Thus, for example, suppose in a field there 
M.re 1,000 leaves and suppose the average area per 
leaf is 4 sq. in. in the young crop of cotton, the total 
leaf-area of the field would bo 4,000 sq. in. Now the 
whole population (say 20,000) of immature stages 
of whitefly wflli be distributed over an area of 4,000 
sq. in. and a sampling will give five insects per sq. 
in. or tw'enty insects per leaf. Now suppose at the 
time of the next observation the insect population 
has remained practically unchanged at 20,000 })Ut 
the number of leaves has increased from 1,000 to 
2,000 and also the size of leaf has increased from 
4 sq, in. to 8 sq. in. Now the total leaf-area of the 
field will be 16,000 sq. in, o^'cr which the population 
of 20,000 insects will be distributed, Therefore 
the sampling will show' 20,000/16,000, i.e. 1*25 
insects per sq. in. of leaf-area or 20,000/2,000, i.e. 
ten insects •j}er leaf. Thus although the population 
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vi' the in-seel in the field has reruained unchanged 
f.lic number per leaf will show a decrease to one-half, 
i.c. from 20 to 10 whereas the number per sq. in. 
will show a decrease to one-fourth, i.e. from 5 to 
1-25. Thus neither the number per leaf nor number 
per unit -irea of leaf surface can give the correct 
yjicture but the latter is more incorrect than even 
the former although at first thought the latter 
appeal's to be more scientific. On the basis of this 
drfective criterion, i.e. ‘ number per sq. in.’ Trehan 
lias compared the different varieties of cotton with 
resiiecb to w’hitefly infestation but the flaw will be 
cviilent if one just considers how much the different 
varieties of cotton differ in their leaf area. TIius on 
page 57 {op (it ) the following conclusion is reported : 
‘Taking the entire season the whitefiy attack on 
ded cotton was .significantly higher tlian on the 
American cottons during both the years.’ Jfow 
probablv the total leaf area of cfesi cotton per acre 
may 1)6 less than that of American cotton and 
therefore even if the population of whitefiy P^^ 
acre be the same in the two varieties the number 
per sq. in. may come out more in d^si cotton than in 
American cottons, but this difference in number 
pei- sq. in. will not show any varietal preference, 
shown by whitefiy or varietal susceptibility of 
cotton. No such difficulty would have arisen if the 
different varieties of cotton were compared by 
comparing the population of whitefiy per acre in 
the different ^•arietjes. This author has also reported 
in the same paper his conclusions regarding the 
effects on whitefiy infestation of various other 
factoir. I'.g. irrigation, pH value, cultivation condi- 
tions, etc. and ' all tlip.se conclusions are ba.sed on 
• number jier sq. in.' It is needless to exiilaiti further 
that the effects of these factors on the leaf area of 
cotton are bound to have either exaggerated or 
masked the effect on whitefiy infestation. 

5. The list of papers containing the flaw can be 
increased to any' length. V\e have veiT briefly' 
analy'sed above fust a few cases merely as illustra- 
tions. In the reports from various provinces the 
cane borer attack is given as ‘ percentage incidence ’ 
with respect to uumlier of canes and tillers which 
vary from season to season and variety to variety'. 
AVe'may add that similar mistake.s are not uncommon 
in papers jniblislicd in otlicr coimtrie.s. Wolcott 
and Hartorell [ 1913] have expressed the inoideiice 
of Trkhogmmma throughout as percentage of its 
host number. Smyth [1938] lias expressed the 
incidence of sugai'cane borer as well as that ot its 
iiarasite in ‘ percentage values'. Box [ 1938] has 
compared plant crop and ratoon crop of sugarcane 
for borer infestation and this comparison is also 
based on ‘ percentage incidence ’ only. The incidence 
has been reported to be lower in ratoon than in plant 
crop Now it is not clear whether the number of 
borcrs was actually less in ratoon or the ‘ percentage 
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value ’ 'lias come out to be, .less in ratoon due to there 
being larger number of canes in ratoon crop tlian in 
plant crop. 

CONOLUSlO:5sS 

From the foregoing it should be clear tliat if we 
want reliable data on incidence of pest or parasite it 
should always be calculated with reference to some 
fixed scale. ' So far as the/ agiicultuial crop pests 
and the parasites o.t those cro]) pests are concerned, 
the unit area of the land on whicli that crop is grown 
provides a fairly good and constant scale. Tlius 
taking tiie case of bollworm incidence, if instead of 
estimating ' percentage incidence ' we estimate 
population per acre and suppose we get 10,000 
boilworms per acre in the first observation, then this 
number cannot change in siibBerpient observations 
by any alteration in t.he couditioii ot the crop unless 
the number of boilworms actually increases or 
decreases. It is hardly necessary to point out that 
population per acre can be easily compiited by 
simultaneously estimating by ordinary sampling 
procedure the number of insects per plant as well 
as number of plants per acre and then applying 
simple rule of three. If the nature of the insect 
under study allows, population per acre can also be 
calculated by directly counting insects on small 
units of land area. In cases wherein this change 
advocated above is found impracticable oil other 
considerations and the incidence has to be recorded 
as percentage of the material liable to be damaged 
then care should be taken also to record along with 
it the average population per acre of the host mate- 
rial so that the incidence of the pest or parasite may 
be ultimately referred I >ack to the fixed S(‘aie of 
unit land area whenever comparison ivith future 
record is desired. 

KE.FKKFNCK8. 

Afzal Husain, M. and Haroon Khan. M. (1940). 

Indian fJ. IJnd- 2, 45-57 

Ballard/ 3^ (1022). Agn, lies. Inst. Fum BnlL Ko. 13S 
Box, H. 'R. (1038). iVoc, 0th hit. Sor. 

Tech.f 239 

Deshpande, B. ih and Nadkarny, K. T, (1030). imp. 

C<ytin, Agrlc. lies. Ad, JIoHogr. 10 
■Fletcher, T. B. and Misra, F. 8, (102]). Agri. lies. Inst. 

Fusa Bull. ^o. 105 

Haroon Khan, M. (1938). Indian d. ugri<\ Bel. 8, 191-214 
Smyth, E. G. (1938). Fmc. Oth Cong. Inf. Bou Bug. T(.ch., 

307-77 

Trehan, K. K, (1944). Indian J. ngric. B-d. 14, 53-63 
Willcocks, F. C. (1931). Agri. Ees. InsL Fusa Bull No. 

107 

Wolcott, G. K. and Martoreli, L. F- (1943). J. econ, Ent 

36 , 460-04 






SOMK FIELD OBBERVATIONS ON THE PRESENT ' CYCLE OF I3ESEB;T LOCUST 
{SCHISTOCER CA GBEGARTA EORSK.) IN' SIND 

.By M. JiAKoox Khajs-j B.ISc.(Lond .)5 A^B.G.S., Assistant ETitomologist, Inipeiial Agiicultural E 
In»stitnt(:% New Delhi (Formerly Assistant Entomologist, Bakrand, Sind) 

(Keceired for piiTblication on 11 April 1045) 


The ]n’escnt. cycle of the desert lociistj whicil 
started in 1940, is remarkable in more than one 
res])eet. For the first time this country was fore- 
warned oi‘ the locust invasion [ Pnitlii, 1940], and 
it was also (ieliniteiy established that the heavy 
infestation of the summer, 1941 , originated mainly 
from the swarms of Foreign origin [ Pruthi, 1941]. 
A significant feature of this cycle Avas that it afforded 
the entomologists of the country an opportiniity of 
dir<'cting and supervising tlie oft'enswe against this 
pest in its home™ the permanent breeding grounds ; 
during previous (‘veles the battle against the p)est 
had to h(* waged after it had iin'aded Gther areas, 
because breeding grounds had not been located in 
this conn try. Fro?)i August-Octobei', 1941, the Thar 
Desert, which constitutes the soutb-ea.sterii portion 
of Sind, was tlu^ c(‘ntr<‘ of one ol* the severest infesta- 
tions ever recorded, and. one great and incessant 
battle took place in tin's tJ‘a,(d over a wide front of 
several hundred miles. 

Tlic battle against the pest seemed already a lost 
one ill some ])arts of this desert, toAcards the middle 
of August, lO'll, wljen the writer Avas sent by the 
Government of Bind to give technical assistance. 
Two years later, in 1943, he wais again sent to the 
same area with a. siinila r ])i]rpose. During the course 
of very extensive touring of sex'eral Aveeks in 1941 
and again in 1913, it Avas j)ossible to study under 
natural conditions the behavioiu' of the pest Avhen it 
Avas at its wvn*st. 

Thar Deskrt 

The Thar Des(n‘t, a part of the so-called Great 
Desert' of India, occupies an area of about ten 
thousand square miles. It comprises the entire 
Oimebro, Dipio and 3Iithi talukas, great ptnT of 
Nagar Purkai* and Umerkot talukas, and part of 
Khipro and Bangiiar talukas. Tt is a. tract of rollhig* 
sand hills wdiich rise up to 150 ft. and run mainly 
from north-east to soutli-W'est. 

The annual rainfall A’-aricvS from 7 to 14 in., and 
almost all of it is receh^d between June to October. 
Cultivation depends entirely on rain. Bajri 
{Pennueium (yfhoideum) is A^ery extensively groAvn, 
sometimes mi,xed Avitl) til [Bemmum indiei(w) and 
moth {Phaseolus aoontlfolim). Besides these, guar 
((]‘yamoj)si^ jnor alio ides) is almost the only other 
crop. The people, hoAvever, depend more on the 
produce of their herds of cattle and Hocks of sheep 
and goats than they do on their cultivated fields. 
The locust swarms arrive in this tract either just 
before or after the finst fcAv showers of rain. 


ImM'IGKATIOX of swarms 

During July and Augu.st, 1941, many s\Auu‘ms of 
yelloAA" locust passed OA'er parts of Sind ; they 
generally came from north-iwest and w^ent toAA-ards 
south-east. On tAVo occasions SAvarms were obseiw^ed 
flying at right angles to the direction of the A^rind 
Acliile its velocity exceeded seven miles an hour. 

The first obserA^ation was made at Sakrand, on 28 
July .1941. The SAvarm was flying very low and 
had segregated into thousands of units. Each unit 
consisted of 20-100 locusts, and all of them w-ere 
folloAviiig tlie same direction a short distance from 
one another. The locusts flew only short distances, 
may be 30-150 yd. and were then forced down to the 
ground i)Y strong \Aind. After a few miuiites they 
again took to wings and AAnre forced doAvii again a 
short distance ahead. This AAnnt on for oAm* half 
an hour till the entire swarm passed aAvny. A. 
similar ca.se aa^s obserAnd on 2 August 1941, at a 
village, Kak, 20 miles aAAuiy from Khipro in Tliar 
Desert. This type of flight aauis also obsen'ed by 
myAml leagues twdee. 

The regular migrations of this locust in the solitary 
phase, ea.stAAnrds from Baiiichistan to Eajputana in 
May and June, and back from Eajputana to Balu- 
chistan in October and NoAmuber, has been fully 
estalflished [ Eao, 1940]. Dliring May and June 
the general direction of AA’ind, Avhich is usually over 
5-6 miles per hour, is from south and south-west and 
the pest flies partly against the Avind because the 
direction of flight is .from north-Avest, i.e. from 
Baluchistan to Eajputana side. Probably the pest 
mainly flies while the A^elocity of wflnd is Ioav. 

OVIPOSITIOX 

In Bind, extejusive egg-laying took place in the 
Thar .Desert after the commencement of monsoon 
in 1941 and 1943, a-nd to a lesser extent in other parts 
of Bind during spring, 1943. The Thar Desert 
receiA^ed oA^er 7 in. of rain during July and August, 

1941 and the entire desert tract was A'Ory suitable for 
egg-laying. SAA'arms of locust invaded this desert 
from about the middle of July to the end of August ^ 
and w(U‘c obserA^ed pairing and egg-laying under 
diverse conditions — in the fields Avith standing crop, 
in falloAA" land AAdth or without vegetation, near the 
base of perennial bushes and rarely in thick annual 
vegetation. The mounds of sand near the base of 
perennial bushes were preferred. 

During .F(d.)ruary and March, 1943, egg-la}dng was 
reported from some non -irrigated tracts of .Larkana 
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?uid Daclii districts. 'Jins area is ordinarify most 
nnsiiitable for egg-iaviug l)ecausc tlip soil is very 
hard, and there is little or no rainfall during 'winter 
or s])r!ng. The lieavy Hoods during July, K)42, in 
J^ind lunl, however, fiootlc'd this barren tract 
aaid several swarms laid <?ggs in a,n area stretching 
over BO miles. 

DuriDg July, 194:3, there were good showers of 
rain in parts of the l^har Ilesert, and egg-laying took 
jdace o^'cr a., wide area. It was interesting to oi>serve 
tliat a swarm had moved from nortli to south in 
(liachro amd IJmerkot talukas, over a distance of 
ahoiit 8f) miles, and laid eggs ail over the area. The 
(‘gg-laydng was hea\yy in the north but it steadily 
(i(icreased southward and, in areas further south it, 
did not take place. The hatching of eggs, as was 
(‘.xpected, took place firsts on 10 August, in the 
north and on or about 20 August in the extreme south. 

EmEEOENGB of vermiform I.ARVAE 

Vermiforin larvto were, frequently observed in the 
process of casting their overalls. They were found 
l^ing around the emergence holes at a distance of 
about three inches. After casting tlu^ overalls the 
hoppers moved singly' in all directions, and took 
shelter on the nearest bnslies or annual plants. 

FopaiATiON OF mvxns 

The primary factor in the formation of bands 
appears to be, as pointed out by' Uvarov [ 1928], 
deposition of egg po<ls in more or less dense groups 
and congregation of hoppers from th(‘. begiiiuing of 
their life. Besides this factor, Uvarov is of the 
opinion tliut the response to light a.nd wa.rmth also 
play an important part. Over a large stretch of 
thousands of square miles in the Thar Desert, condi- 
tioiis of light and warmth are veiw similar a.iid it is 
doubtful if these factors liave any direct influence on 
the formation of bands. 

One other factor whicdi assists in tlu^ fusion of 
],)ands is the phy^sical featme of the breeding areas. 
Two or more bands near each other, it v'as noticed, 
got accidentally fused M'hile climbing a sand dime. 
Before climbing a dune the bands locate gradual 
slopes, and either in the process of locating or in 
following the same ])ath, the bands fused. Bauds 
coming down from two or more sand dunes to a 
common valley fused likewise. Special mention 
may be made of the formation of bands and their 
fusion noticed in a village in Cliachro taluka be- 
tween 14 and lb .August, 194;3. On 14 August several 
thin streaks of hst stage hoppers, only 2-3 days old, 
were noticed on 4-5 sand dimes. The following 
luoniing streaks of iioppers from tliese and some 
other dunes were observed coming down to a wide 
A'aiiey eoiitiiuiously for about seven liours. These 
streaks fused, as the da<}' advanced, and assumed the 
form of a regular liaiul. Again, on Ibth several 
loose bauds ivere observed coming from the same 


direction and tliey congregated iiiore and inore in 
the valley . 

Composition of band and its sihr: 

Bands composed of hoppers o'f one or two instars 
were generalh' observed, but on several occasions 
bands of ail the five instars, mostly of 3rd~5th instars, 
were Jilso noticed. In almost all the big Ijands, 
some. Iioppers, hardly one pier cent, of the solitary' 
phase were found ; and in bands of 5th stag<‘- 
a. munlier of adults of gregarious or solitarv ]>hasc 
were alway's present, marcliing with, them and 
liehaving like lioppiers. 

The size of bands varied considerably ; while 
some liaiids occupied an area of a lew hundnal square 
feet, others extended over several square iniles. 
Generalft bands of 1st and 2nd stagi* hoppei’s wert‘ 
small and those of 3rd to 5th. stage hoppeu's we.n‘. 
large. Special mention may' be made ol‘ two exceje 
tionaliy big bands, one of Lst stag<‘. hoppc'rs and tlie 
other mainly^ of 3rd to 5tli stage hoppm-s. The 
former was noticed on 15 August liU-3, and was 
about half a mile long and a. ipiai'ter of a mile in 
widtli, Ballard, et (tl. [ 1932 ] have stat<‘(I that 
bauds of 1st stage lioppiers .make local migrations 
within hatching grounds, but this band and several 
others were observed migrating in ]>od}' from their 
breeding areas. The other band was seen near 
Islamkot between 10 and 11 September, 1941. Tin* 
width of the band varied fftim two to four miles and 
it eontiiuioiisty passed near and partly through tlic.* 
town for five days, in a chain broken only at the 
night time. Its length could not have been loss 
than 10 niiies. 

Associated with the. size of a band is the c[iiestioii 
of its density'. In the morning and evening Imnds 
were geuierally' very dense, most of the hoppim's being 
liardU' half an inch ajiart, hut during the rlay the 
Iioppers spread out and became an inch or more 
apart. At times it was not possible to say as to 
where one band ended and another started, ]>ecause 
either hop>pers of the fusing bands Inul not come 
quite close to each other or bauds in heavilv infested 
areas had segregated, after exhausting the vegeta- 
tion, into many units that moved in ail directions in 
the face of starvation. Some bands were aLso 
secondarily split up into several bands owitig to the 
passing of cattle or a large number of hoppers being 
left behind for moulting. It is thus eA'ideiit that a 
band is never composed of the same hoppers but is 
picking lip and leaving behind a large number of 
lio])pers during course of its journeyN 

Further, it is suggested tentatively' that tlie term 
hand may' be used for those Iioppers that follow the 
sauKi direction, occupy an area of 200-400 sq. ft. 
(depending upon the stage) ivliilc tlie distance 
between most of the Iioppers Ix^ not more tlian two 
inches.' : ■ . ■ ■ 
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]]ai:<Is of liojypcrs -were ol), served moving aini(>st 
ilirr)iighf)Ut flit* day, from about an hour after sun- 
rise to an iioiir or so ]>efore sun-set and on a few 
oceasions, even before sun-rise or after sun-set. 
Once only, on 5 Hepteinber, 1911. three ])ands of 
otb stagf‘ hop])(‘rs were noticed moving quite fast, 
2-1 Iiours after sun-set, on a full moonlit night. 

Bands were generally observed to follow the direc- 
tion of wind : two exee])tionaIly lug bands referiyd 
to al)f)Vo also followed the direetion of winds. 
Ballard vt aJ, [i932] found similar correlation between 
tli(‘ dir(‘c*tio]i <d' Avind and the moAamient of bands. 

on their march, the bands moAaal u]) and doAAn 
the sand dnnes that fell on the way, following always 
the path of haist resistance. 

Tlie s])eed of hoppers varied greatly dnring tln^ 
day. In the morning and evening, their moA^ement 
arnoujited to slow eraAvIing, while during the greater 
part of tlie day it varied bfdweeu eraAviing ami jump- 
ing. F>al]iiL‘(I H aL observes.! that some hopper bauds 
(‘overed a distance of about live miles in a day. It 
was ])ossi])le to make careful ohservadioji.s once* 
Avhen it Avas etstimateKl that a bane! of 1st .stage 
hop])ers covered a distane-e of about three-fourtli of 
a mile in a day. 

BnnAKixo of .baxias axia foiuaiatlox of savahjms 

The ]>reakiug up of 5tli stage hopper bands takes 
•place gradually as those about to moult leave the' 
i)and and ]Are])are. for eedysis. The bands thus thin 
down. As this proeess goes on tlie proportion of 
adults increases. In big bands, the nroportion of 
adults was observed to be emly 1-5 per cent, in 
mediiirn size bauds r)-2(.) pe‘r cent and in small ]>ands 
20-50 j)er cent. Tavo \Try small bands seen on 5 
Septennher in a highly infested area e.onsisted of 
almost eejit ])er e(‘nt adults. La Bauine. [191H] 
also observed the latter tyjAC of bands in Aloroceon 
locust and (‘ailed them ' adult bands’. It is thus 
(’videiit that the occurrence of adults hands is brouglit 
about by tin* gradual segn^gatioji and not as a re.sult 
of large number ol’ adults emergijig .simultaneously. 
Freshly emerged adults .show gregarious insthict and 
join any passing band. 

It could' not be definitely ascertained as to how 
long the adults lYuuained associated Avith the hop]>ers, 
pro})a])Iy not moiv tha.n 2 or 3 days. Tliereaftcu' 
they segregated, a.s a rule individually. Their 
segregation from ‘ adult hands ’ was not o])serATd. 
A<liilts, whi(‘li were able to fly, left the hand in various 
ways : either by remaining on })nshtxs and plants in 
tlie morning, when hoppers I'csiuned their march, or 
by c]im]>ing on bushes and plants that fell on their 
Avay, or hy joining any sAvarm that passed oA-er-lmad . 

The segregathm ol’ adults on bushes appears to In* 
the first step in the formation of a primary swarm, a 


condition re.s<*inl>liiig somcwliat the cimngenee of 
]io])pers al’tei' ‘ iriterim'diate moult ‘ and tlndr going 
on to tiie hnslit'^. Tlic number of adults found on 
{^u^li(^s vari<*(l witli tlie pojnilation of J'ull grown 
]io])pei‘s. The formation and hovering of small 
primary swarms n<‘ar the place* of their origin was 
witness(*d L7 days afte*}* tli(*ir emergtmee in S(‘])t(‘m- 
her, 1911. As the.se* sAvarms flew otlnu's joined 1 in*m. 
.\ft(‘r about a W(‘(‘k of their emerg(*iHa‘. loose* sAA'arins 
were o]>serve‘d. and fhe*ir (light appe*are(l to la* a 
siistain(*d one*- -tln^ distaneu* coA’eu’e'd at a tune, being 
a mile or more. 

Tjif nimwiorn eiF swaums 
The sAvarms comm(*n('e*<l migrating from the Idiar 
l)e*s(*i‘r a little* enirlier than usual in 1911 b(*eause* of 
fairly warm we‘ath(*r in S(*pt(‘mber and Oe*tobej-. 
An a]>proximate* ielt*a ol' the* number eil’ elays wliieli 
these sAvanns Te>ok te) reae*h to otlie*!* pai'ts eif tin* 
country was l‘orim*<l by folloAving tin* re[>orts of 
swarm nn)ve*nn‘nt. Tin* siimnn*r brooel adults 
originateel on a \'e*ry large* scale* la'tweem tin* first 
we*ek e)f S(‘pt{*ni}>e*i’ and tin* middle* of ()(*tober% 
19-11, and some e)f t]n*se* pa,s<e*d ove*r ])arts of 
NaAvabsluih district be‘twe‘en 17 and 19 Septf*ml)e.‘r. 
Thus they took about a (brt night, aft(*r their 
emergence to coA'«*r a distance* of 150-200 miles and 
reaedi aeljoining tracts e)r Sind. In the hist week of 
Se])tembe*r anel r]n*e)iig]iout Oe'tejlnu', large* number of 
.'^Avarnis were* re*j)e)rte*d from \-arioiis jiarts of Sind. 
Tlietse* prejhahly eu'iu'inated eluring So|)te*mhe*r and 
lirst fortnight of Oetobe*!* and also texek about a fort- 
night to leave* their ]daee of origin, 

The intlinmcf* 'T tempe*ratiirc e)n tin* flight of 
sA\arms lias not be‘en stndie*d. Swarms of desert 
locust were*, howe'A'e'U', oh.serx'eel te) tly at different 
re*nipe‘]‘atures. Tin* actual temperature of the air 
at the }e‘vel at Avliie-h tlie'y were* flying or tlie tempera- 
ture ol' tin* body has imt been determintKl, but tin* 
two extre*ines e)f temperatures in .shade when swarms 
w(‘re notie(*d at Salcrand were* llO'F. on 2S ,ln]y, 
1941 and oo^'F. on 11 January. 1942. 

In the (‘Veiling, jii.st liefore sun-se*t, swarms s{*ttle 
down on tre'cs e)r bushes and resume* tlieir flight 2-3 
hours aft(‘i* siin-rise* tin* next morning. .A swarm 
whicli settleel at about sun-set in a feirest near 
Bakraiid (.in 17 October. 19-11, Avas watched on the 
folloAving morning from about 7 A.M., the time of 
sun-rise. Tlie day Avas a bright one*, hut up to 8-30 
hours the* locusts r(*maiu(‘d on the top Iminclies of 
kmidi {Pt'osopiti spioiffrra) tr(*(‘S and .showed no sign 
of actiAuty. Just ai’ter S.3() hours, tin*}' h(*caane 
a(*tiv(* ami s1art<*d flying dowiiAcards, citlier to loAve*!- 
brandies of the trees eir to ot]n*r low growing trees, 
and then flew doAvn to the* ground. There aauis a 
continuous str(*am of locust to the ground up to lo 
hours. Those that came* tei tin* gi'ound lirst started 
fhdng soon after 9 hours, in the i'orm of a tliiu SAvarin, 
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and ail alniost .€oiitiiiiiouf> swarm kept departing' till 
1 1).30 hours. 

Tlie tem[>er.‘U:ur<.‘ r<‘corded in a tliermograph, 
hardly a mile aa’ay, ^'aried from 72'^.F. at 7 hours to 
SS’T. at lU lioiu's, wliiie tlie rt'Jatiee liumidity ielj 
down from |)(a; eejjt to V2 par cent during tla* 
same period. 

Food of uoppeus axd Ai)'ui:/r8 

Bliatia | iithp] stiuliial die food preference of tlie 
sojitary of this p(\st in Tliar-Hajputana tract 

and found that all the ('onimon ])lauts were eaten : 
most of these plants tvere also (aiteii by hop})e.rs and 
at times by adults of the gregarious phase. Fren 
leawe of ah {Calotropis (jujantca), which Bhatia found 
were not accepted after hours of stravatiou, were 
eaten by hoppers on 24 September 1941 wdieu the 
day was very hot and the infestation ver^^^ Iiea\'y. 
There seemed no difference between the food taken 
by hoppers and adults, but the latter showed special 
jirefereiice for ripe or nearly ripe a'rains of bajri. 

Further, some very juicy irtiits, such as waiter 
m<*iou {Citmllu.^ vulgaris) and musk melon {Cu- 
vurhita moscliata), w'ero found conijiletely consumed ; 
wliiie on another occasion very di*}" products, sucli as 
bark and some outer portion of pliints of rape 
{Brassiva napus)^ its seed pods and grains, which 
contain very little moisture, were seen eaten. This 
is not ^'ery surprizing because cnam wool, as showui 
by Afzai Husain and Mathur [ lOllG], is eaten to 
obtain moisture. 

(Cannibalism w'as obser\’ed to be \-eiy common 
during the third w'eek of April, 191.4, in Dadu distri(4'. 
deverai hundred Iioppers, mostly in the act of 
rnouitiDg, and freshly emerged adults w'ere found mer- 
cilessly eaten, usually from posterior (uid. by otluu* 
hoppers. Tins phenomenon wars neither ohsciwed 
nor was ever reportcal from thr Tliar Ihcsert. The 
primary cause for cannibalism, as showui by Uvaiw 
[ i028 ], appears to be thirst. In lladu district tlie 
vegetation was dry and tlie days \'(u*v hot wlum tliis 
plienomcnoii was noticed, wliiie in the Thar the 
veg( 3 tation \va.s goien and the days mostly doudy 
during the period of infestation. 

N ATT HE AND EXTENT OE I) AM At 

Tlie damage (aiustH'I by tin* Jo<*ust in tlie Thar 
Desert wars twu-fbld. 'rbey damagtal tlie crop and 
the pasture lands. In 1911 the infestation was 
(extremely heavy and crops and pastures suffertai 
very much, lii 1943, ou the other hand, inle.^tatiou 
\vas comparatively mild, and tiu‘ damage was mainly 
(lone by Iioppers. 

During 1941 at least ])er cent young crops 
w'ere destroyed by hoppers in Diplo and Mithi 
talukas. The damage done in other parts of Thar, 
though not so nnu*ked at. first, became yery severe 
ydien swarms of pink locusts are away almost all 


mature grains. Taking this desert as a. whole, the 
darnage to crops in 1941 can safely be* juit down to 
three-fourth of the produce. Beside'^, all the herds 
of cattle wdiich canie for from neigh h During 

area.s had to be taken either lo h.sss affe''te(l tracts 
of the desert or some otlnn' area. : tliis cause<i givaU. 
hardship. No rough estimate for 1943 is possible 
lieeause parts of the desert could not be visited. 

Role of uirds in locu st control 

AFzal Husain and Bhalia [1931] <tudi(.‘d the bird 
enemies of this |>est in. the Pun jafi and enijihaslzed 
the inyaliiable service they rendered hy ext(-‘nninating 
thin swarms and (leBtiwing hoppers that oscaped 
onslaught by man. During the infesta-tion of 1943, 
the role of some birds, (^specn'all Rosy Ihtstor, in 
these two directions was most clearly visible. 

The following lu’rds, recorded as enemies of locust 
])y Afzai Husain and Bhalia, w-eo^ (.observed in the 
Thar Desert during the period of locust infestation, 
Augiist-September, 1943 : 

(1) Indian Jiaigie Grow {Corvus tnarrorhgticlios) : 

(2) Oominon India iiouse-Grow (Corvus splendens) ; 

(3) Indian Tree-pie (Dendrocifu. vaguhurida) : (4) 

Red-Vented Bulbul {Malpasfvs vafer) ; (5) Indian 
Robin (Saxicoloides fulieafa mtnhaivnsis) : (6) 

Fantaii Fly Catcher, proliably Vv bite- Brow- ned 
{Leuaocirca aureola) : (7) Great (Indian) Grey 

Slirike (Lunins exeuhitor lahfora) : (8) Riifous-back- 
t‘d 81irike (Lanins schacJi erijfltronoius) ; (9) King 

Grow (Bicrurus )nacrocenis) ; {lf>) Rosy Pastor or 

Rose-coloured Starling {Pastor Boseus) : (11) Com- 
inon Ilyna (Acridolheres frislis) : (12) Indian House- 
Sparrow' (Passer donieslicus Indiras) : (13) Franklin’s 
(’nested Lurk (Galerida cris(ata) : (14) The Blue- Jay 
or Indian Roller (Coracias benghaleifsis) : (15) Indian 
Hoopoe (Upapa epop orienlalis) ; (IG) Laggar- 
Falcon (Fulco jugger) ; (17) Gommon Pariah Kite 

(MUvus tnigrans gomnda) ; (18) Common Pea Fowd 
[Pal'o cristatas) : (19) Nortiiern Grey Partridge 
( Francoliuus pondleerumus). 

M<}st of these birds were seen eating hoppers and 
some of them also adults. Of the abo\'e ineutioned 
birds only six, viz. House Growr, Indian Grey Shrike, 
Rosy Pastor, Common Myna, Indian Hoiise-BpaiTow 
a, lid C^ommon Pariah Kite were very common. None 
of the birds except Rosy Pastor attacked the pest in 
flocks. This bird was the commonest and probably 
destroyed more locusts than all other natural 
enemies put together. 

Ros}" Pastor is a regular visitor of Thar It 
generally comes during September-Oc tuber when 
hajri cro]-) matures and feeds on grains. During 
1941 and 1913 Hocks of this Ifinl earae at least one 
month earlier, soon after swarms of yellow locust 
started coming, and probably (*.ame In Tuuch larger 
numbers than in previous years. Tliese flocks were 
noticed feeding oxelusively on hoppers of all the. 
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stages au<i adults, in almost all tlic infested areas. 
The flocks generally consisted of 20-S0 birds, hut 
on a few occasions as many as 100 birds were observed. 
While attacking bands, usually large number of 
docks perched together on a few bushes or trees near 
them. . - ■ 

The role of this bird in reducing the very severe 
infestation of 1941 could not be fully evaluated, but 
in 1943 it was quite appreciable. From about the 
middle of August, 1943, flocks were observed feeding 
on hoppers, almost from the time of their emergenc(*, 
in places wide apart ; «and the flocks increased in 
number and si 2 :e as the time advanced. In spite 
of the good organization set up well in time, during 
1943, adults started emerging, in some places up to 
iO ].)or cent of the hoppers population, from about 
the first week of September in Ohachro taluka. 
Almost all of these and in addition a large number 
of 5th stage hopper bands were completely destroyed 
by this bird, and no swarm emerged from tliis 
desert tract. A number of supervisors of heavih^ 
infested areas frankly admitted tliat they could not, 
but for the invaluable help of this bird, e fleet ively 
destroy, with the labour at their disposal, the pest 
in time. While in mildly infested areas control 
parties were disbanded a week or more earlier than 
expected 1)ecause of the havoc wrought In' this 
bird. 

It was difficult to form any deflnite idea about the 
population of Rosy Pastor, hut on one occasion, 
while passing through a heavily infested area of 
about 3 miles X :}th of a mile, on 12 September, 
1943, the writer saw not less than fifty thousand 
birds. 

The Common Pariah Kite was seen only once in 
very large numbers — not less than five thousands 
in one square mile. They were eating hoppers 
and fresliiy emerged locusts on the ground and 
bushes. They, however, attacked the bands in- 
dividually and not in the form of a flock. 

Borne other birds, (1) White Cheeked Bulbul {Mai- 
pastes leitcogenys)^ (2) Ashy Crowned Finch-Lark 
[Efemojpteryx grisae), (3) White-backed Vulture 
{Psuedogyps hegalensis), (4) Tawny Eagle {Aquila 
mpax) and several types of Doves, were also found, 
but they were not observed feeding on locusts and 
ate neither recorded as their enemies. 

Summary 

The observations made on the behaviour of the 
desert locust during the present cycle, mainl}' in 
the Thar Desert, are described. 

In their east-w^ard migration in summer months, 
swarms may fly at right angles to wind when the 
wind velocity exceeds even seven miles ])er hour. 

The physical features of the Thar Desert, besides 
other factors, play an important part in the initial 
formation of a band or in the fusion of two or more 


bauds. Bands composed of hoppers of one or two 
stages are generally found but at times they are 
composed of three or even all the five stages. 

The size of bands varies considerably ; bands 
composed of young hoppers are smaller than 
those of older hoppers. Small clusters of hoppers, 
occupying less tlian 200-400 sq. ft. should not be 
called bands. Freshly emerged adults are found 
ill bands of 5tli stage hoppers and move with them 
for some time. Bands follow the main direction 
of wind ; in going up or coming dowm a sand dune, 
they follow the path of least resistance. Bands 
composed of lioppers of 5th stage break gradually. 
The ])roportiou of freshly emerged adults increases 
with the decrease in size of these liands, and often 
* adult bands ' are formeii. 

.Vdiilts segregate from bands individually and 
rest on bushes. About a fortnight a-fte.r their 
emergence, they may leave their place of birth and 
cover a distance of two hundred miles or more. 

Pink locusts and hoppers eat almost all desert 
plants, the former show' special preference for grains 
of bajrl. Cannibalism wnis observed only under 
hot and dry conditions. 

A large number of birds eat hoppers and adults. 
Of these, Rosy Pastor alone attacks the pest in 
flocks, and is a very important agent in reduoing 
the severity of infestation. 

AoKNO WLB DGEME NTS 

This pa})er has been mainly written during tin*, 
tenure of my present appointment and I am deeply 
indebted to the Imperial Entomologist for giving me 
all facilities in its compilatioji. I am also very 
grateful to Mr Afzal Husain and Dr Taskhir Ahmed 
for . kindly going over the manuscript and giving 
me valuable suggestions and to Mr B. W. Budcl, 
Collector, Tliar Parkar, for giving me the names of 
the birds he observed in Thar Desert during August 
and )Sepi ember, 1943. 

RErEHEN0E8 

.Afzul Husain, M. aad Bhalla, H. R. (1931). Some bird 
enemies of the desert locust (Pimjab). Indian J, agrlc. Sci. 
1, (>09-19 

and Matiiur, B. C. (1936). Why the 

locusts eat wool, Indian J. ayric. 3ci. 6, 263-7 
Ballard, E., Mistikawi, A. H. and Zolieiry, :SLB. EL (1932). 
The desert locust in Egypt. — Ministry of Agrir, Eyypt^ 
Tech, tO Eei. Bern, BulL No. 110 . * 

Bhatia, D.R. (1940). Observations on the biology of desert 
locust in 8ind-Eajputana desert area. Indian J, Ent. 2* 
187-92 

LaBaume, W. (1918), ((Quoted from Uvarov, B, P. Locusts 
and Grasshoppers, 1028) 

Rao, Y. K. (1940), Some observations on the periodicity of 
locust invasion in India, ludim J. Enf. 2, 193-9 
Pruthi, H. S. (1940). A fresh cycle of th(‘ desert locust in 
India. Indian J, Ent 2, 241 

(1941). Progress of the locust cycle of 1940. 

Indian J, Ent 3, 335 

Uvarov, B.P. (1928). and — Jmp. Inst, 

London, 1928 


TTIE INDIAN JOURN.VL OF .\(dHIOi;iyriTRA L SOi:EN(dE 


r 






STUDIES ON 7^.4E/.1S SPECIES (THE SPOTTED BOLLWOEMS OF COTTON) IN 
oiLi^ij.o the PUNJAB 

TV THE HOST8 AND HOBT-PREFERANCE OF BARI AS GUFREOVIRI DI S VfLK., E. FABIA 
‘ ■ STOLL. AND BOISD. 

Rv M TTakoon Khan B.Sc. (Lond.) , A.RX^S.. Assistant Eiitomologist, Imperial Agriciiltural Researoli 

Stifnte S MohxLhha, B.So., Ganba Ram Shahma, B.So., and M. Abbhh Ohani, 

B.Sc. (Agri.) 


(Received for publication on 15 May 1945) 


Ea-RIAS FABIA and E. insulam Lave been known 
as serious pests of cotton in India for forty years 
n.pfrov 1906, 19091. E. cufreoviriais, is a pest ot 
oottoin China [Li, 1937], but is not known to 

attack. cotton in this country, although it is found 

on otlaer Malvecous plants. Fletcber [1317, 

Fletcher and Misra [1919], Afzal Husain [1925, 1929^ 
Chonra [1928], and Deshpande and Nadkarny [1936] 
have recorded the host plants of these species in 
various parts of India, but there is no precise informa- 
tion with regard to the plants on which the difteien 
species subsist. Sometimes vague statements, based 
on insufficient data, have been made. Richards 
[1924], for instance, states that all the three .species 
are found on Abutilon indicum and cotton. JNo 
other worker has so far recorded E. cupreomndis 
from either of these plants in India. Precise informa- 
tion concerning the food plants of these “ 

of veiT importance, because the destiuction of 

alternative hosts during the close season, been 
recommended as the only eSeotive rnethod of the 
control of Earias in Egypt [Dudgeon, 1916, Lough, 
1919] South Gujrat [Deshpande and Nadkarnj% 
1936] and, by the senior author, for the Puiijah 
To ascertain fully the part played by the ^ifierent 
host plants in the carry-over of these insects, and 
the plants preferred by each 

tions were made for three years, 1934-36, at Rohtah, 

Ludhiana, Sialkot, Lyallpur Jlh^K^ 

ine the various cotton growing tracts of the ^nnjab. 
Ca^teroillars were obtained from flower-buds and 
SKf vm-ilus host plants at 7-14 days interval , 
throughout the season and bred in the laboratory. 

• Discussion of data 
Of the 18 or so host plants recorded from various 

of Mi., M tollo^B 11 Pl»« ”«<■ "'““”'1 

to liarboiir spp. in the Punjab . 

1 Ahutilon inclicmn. 

2. Althea rosea. 

3. Hibiscus cannabiuus. 

4-! Hibiscus esculentus. 

5. Malva parviflora. 

6. ]\'Ialva sylvestfis. 

7. aHyestri wi tricuspidatum. 


8. Sida cordifolia. 

9. Sida humilis. 

10. Sida rhombifoUa. 

11. Urena lobata. 

The distribution of the species was studied, on 
the first eight of these plants. The material obtained 
from the last three plants was not sufficient for 
drawing any conclusion. 

Ahutilon indicuin. It is a perennial weed, usually 
found in waste land and is very common in south- 
eastern, central and sub-mountainous regions of 
the Punjab. Except during the severe spell of 
summer, May- June, it remains green piactically 
throughout the year, but bears ^ tiower-buds and 
pods mainly during February- April and September- 
November. In moist or shady places it flowers and 
fruits throughout the greater part of the year, 
except from about the middle of May to the end of 
August. Table I gives the number of moths bred 
from this plant during difierent months. The 
moths bred were invariably E. insulana. Even 
during the months of September or October when 
E. cupfeovividis and E, fahia were very common on 
other host plants, not a single moth of these two 
species emerged from the large collections made 
from this plant. y 

Abutilon spp. have been observed as the most 
favourite hosts oi E. insulana by King [1918], 
and Bedford [1931] in Sudan, and their use as trap- 
crop has been recommended. It may be that 
Ahutilon spp. are the original food plants of E. 
insulana, and this view is supported by the fact 
that one of us collected from a species of this plant 
a large number of caterpillars of E, insulana, during 
summer 1942, in the Thar Besert, some 70-100 
miles from the nearest cotton fields. Further, in 
countries, such as Iraq and Sudan, where cotton 
was introduced E. insulana was one of the pests 
observed soon after its introduction, which shows 
that this insect was present on some wild plants, 
probably Abutilon. 

JHalva pafvijlora. It is a common annual weed 
found in very moist and shady places, such as 
gardens, banks of canals and grassy plots. It bears 
lower-buds and pods from about the end of January 
to about the middle of May. 
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Table , • 

Number <^Barias insulana moths bred from. A hu^on iridicum 


Ludhiana 


Lyallpur ' 1„ . Muitari 


laauary 
bruary 
Marcli . 


Sex>tember 

October 

November 

December 


108 260 . . 122 

02 238 3o5 4 197 

42 10 265 87 38 

74 372 38 

. , . . 77 53 80 

3 1 152 I 116 28 


Table II 

Shimher of Earias iiisulana moths bred from Maiva 
parviflora 

j Ludhiana Sialkot Laylipur 

^ ^ _ __ . _ „ 

1936 1934 1036 lOfLl 


1935 1936 

1934 

1935 1936 

14 .. 



122 38 


S 6, 

197 95 

220 

24' ■ 53' 

38 

134 

79 , . 72 

38 56 

158 

16 S4 

80 28 

216 

134 88 : 

28 12 

168 

161 66 

i 

Hibiscus 

(xmnabinus. 


often aroiaid sugarcane or cotton fields in some parts 
of the Punjab. It is usually sown in May or June, 
and bears flower- buds and pods from August to 
November. , ' ,■ '' 

Of the 166 moths lired, all were E, insulami. 

Table IV 

V o/ Earias insulana moths bred f rom Hi biscus 
caimabinus 


Tins plant is rarely attacked during the months 
of January or February, the part of the season when 
*t is flowering. Of the 325 moths bred from M. 
farviflora, all were E, insulana. It is possible that 
this plant escapes the attack of the other two species 
of Earias because they are rarely found during the 
period when it flowers. 

Malva sylvesfris. It is a rare plant which was 
found growing wild in some moist places at Ludhiana. 
It bears flower-buds and pods mainly from April 
to July. Only E. insulana moths were bred from 
he collections made (Table III). 

Table III 

Number of Earias insulana 7noths bred from Malva 
■. .sylvestris ■ ' : 


\ 

Station 

Pc-sriofl ; 

1934 

1935 

„ 2936 

Sialkot 

October 

3 



Ludhiaiia 

September . . 

38 

32 


9‘j • , • 

October 

12 ■ 

:■ '19 

1,5 

1 

November 



.47 ' 


Prom the four plants dealt with so far, only 
E. imula^ia has been bred. All these except Hibiscus 
cannabinus are wild plants. 

Hibiscus esculentus (hJiindi). It is a .cultivated 
plant which is extensively grown as a vegetable 
crop, particularly in the vicinity of towns. It 
may be sown at any time from March to June and 
bears flower-buds and pods mainly .from June to 
November. Table V gives the total number of 
moths bred and the proportion of the species emerg- 
ing during different months. 

It is interesting to And that all the. three species 
subsist on this plant. E. fabia was very common 
from July to October and its proportion was generally 
over 70 per cent and at times even cent per cent - 
s’. insulana, on the other hand, was ver}’- coirimon 



M All AS SPECtlS IN THE PUNJAl^ 


during Mur, and Noveinbtn*. E, cupreoviridis 

wus l)ro<l only during didy,, August and Septenlber 
mainly ad Lyallpur and Sialkot, and its proportion 
was goneraily less tlnin 10 per cent. Only once it 
was bred at Ludhiana. It was not obtained irom 
Rolitak and Multan. 


Table V 

Nutnhef and proportion of Earias species on Hibiscus esculentus 


Lyallpur 


Multan 


Siallvut 


l.iidliiaiui 


Kohtak 


Period 


August 

SepteinlKM- 

October 


.November 


neocmlxT 


August 

September 

October 


jsjovember 


December 


August 

September 

October 


Norember 


. 'I 
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Althea rosea (Hoilyiiock). It is a cultivated and 
a common ornamental plant grown in gardens and 
parks, usually near the towns. It is sown at any 
time from October to January and bears flower- 
buds and pods mainly from March to June. 


Since only E, Jabm found on this host in appre- 
ciable numbers during the main cotton season, it 
is obvious that this measure will be elective only 
in places where E, fabia is the chief pest. 


Table VI 

Number of Earias species bred from Althea rosea 


Period 


August 


March 


From the above it is evident that this plant 
harbours all the three species. Of the 785 moths 
bred, 12 were E. cupreoviridis, 16 E. fabia s,nd the 
rest E. insulana. Fletcher [1917] states that this 
is not a favourite food plant of E. fabia Sbiid E. 
insulana. His finding seems to be substantiated 
by the fact that a number of small caterpillars 
were found dead in the gummy substance coming 
out of the wounds caused by their feeding. 

It is interesting to find that the two cultivated 
plants, Hibiscus esculentus and Althea rosea, harbour 
ail the three species. Does it indicate that through 
domestication they have lost characters which 
make certain other plants distasteful to some of 
the species of Earias ? 


Malvesirum iriempidatum . It is a perennial ; 

weed, commonly found in moist and shady places. | 

It usually bears flower-buds and pods from May to J 

November, but near some well irrigated plots the | 

plant may bear them all the year roimd. 

Of the 907 moths bred, 591 or just over 65 per I 

cent moths were E. cujyreoviridis and the rest E. ! 

insulana. From July to October, majority of the 
moths that emerged were E. cupreoviridis, while 
during other months E. insulana exceeded in i- 

number. 

Sida cordifolia. It is a small perennial weed 
found in waste lands, and bears flower-buds and 
pods generally from July to November. It is 
found mainly in the South-eastern Punjab. 


127 

127 

0 

0 

28 

28 

0 

63 

02 

1 

0 

15 

15 

0 

103 

100 

3 

0 

192 

183 

0 

28 

28 

0 

0 

29 

I 29 

0 


April . . V . . . 

■ 48 1 

44 

4 

0 

18 

' 18 

0 

1 0 .. .... .. 

May . . . . 

52 

47 

5 

0 

19 

18 

0 

1 
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•• 


.. 

.. 



10 

0 

. . 

.. 


.. 

31 

31 

0 

0 

5 

5 

0 
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• • 

.. 

23 

21 

0 

2 

1 

1 

0 
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. . . 


3 

0 

3 

0 

. , . 
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Table VIP ' 

Nimiher of Earias species bred from Malvestnim tricuspidatum 



Rohta'k 

Sialkot 

Lyallpur 

Period 

■ 

No. of 
moths 

No. of 
inmilana 

1 

No. of 
cupre- 
oviridis 

1 

No. of No. of 

moths hiauhna 

No. of 
rupre- 
oviridis 

No. of 
moths 

No. of 
insulana 

i 

No. of 
empre- 
oviridis 


Mao^,' ■. 
June 
July 
August 
September 
October- . 
November 



43 

39 


10 

10 

4 

87 

7 

3 

49 

0 

10 

U 

0 

0 i 

i 



January- . 

April 
May 
June 
July 
August 
September 
October . 
November 
December 





15 

15 

0 



69 

25 

67 

2 

13 

13 

0 


31 

13 

12 

6 

6 

0 

143 

17 

26 

2 

15 


. . 


37 

0 

0 

26 

46 

0 

46 

45 

0 

29 

i 0 

29 

5 

2 

3 

38 

53 

6 

4 

0 

4 

5 

3 

2 

6 

21 

21 

0 

■ r \ 

0 

3 

4 1 

2 

42 

42 1 

i 

0 

■; ■ 1 i 

1 

0 




*9 moths, all E. ineulawh were bred at Multan during October-November, 1935 
16 moths, all B. himlwna, were bred at Ludhiana in Sepfcember-Dctober, 1936 


Ludhiatia 


Table VIII 

Numb^ of Earias species on Sida cordifolia 


September 1934 

October 1984 

May 1935 

August^Septetu her 1935 
October 1935 

November 1935 

Seuteniber 1936 

July 1936 

August 1936 

September 1936 

October-N o v em ber 1 936 


Mostlv E. cupreovifidis mo tbs were bred from 
tbis boat ; of 382 mo tbs that emerged only T were 

E. insulana. ^ 

TEese two wild plants, M, incus pidoiuin and 
cordifolia^ are favourite boats of E. cupreoviridis. 


No. of 
moths 

No. of 
insuimin 

No. of 

cupreomridis 

20 

2 

1.8 

18 

1 

12 

2 

0 

2 

8 

1 

2 

40 

3 ^ 

37 


0 

■ 5 ' 

67 

■ ■ .0 ■ 

67 

85 

, 0 

S5 

i l5 

0 

115 

12 

0 

12 ' 

20 

0 

20 

Summary ' 


Althea rosea and Hibiscus escAilentuSt both cuitivated 
plants, are common hosts of all the three species 
oi Earias, 


I 
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E. cupreoviridis is mainly found on Malvestrum 
ificuspidaium and Bida f)qtli Avild plants, 

and uiilAr occasioiiallT on the two common host 
plants : E.fabia is mainly found on Hibiscus esGiihn- 
fus and to a small extent on Althea rosea, while 
E, insula-na is found on almost all the host plants, 
but very likely prefers Abutilon indiGum most. 

E, GUpreoviridis is not common in the Punjab ; 
nor are its host plants common. 

E.fabia is very common from July to October 
Avhen its favourite food \Aimt~~hhmM — is bearing 
large number of pods, it is possible that it attacks 
cotton when irs population has increased considerably 
on hliindi. 

E. iusnlaua is the commonest species in the 
province. Tt seems to he least specialized with 
regard to its host plants and its wide distribution 
in^ many countries in Africa and Western Asia 
may partly be on account of its adaptability to 
subsist on several hosts. 
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RESEARCH NOTE 


A FKELJ MINAEY NOTE ON THE DlSTRIBUTIOISr OF FRUIT PULP IN (TTRUS SQUASHED 
iy iJiRDJiARi Lai., Ph.D. (Lo.nu.), D.I.C., Fruit Biochemist, aiul N.acuna Lai. -Laix, M.Bc. (Teoh.) 


llesCiU'cli Assistant, Fruit Product.? Laboratory, Lyallpnr 

(.Received for publication on 31 August 1944) 


It is ;i, niatrei' of common experience tliat fruit 
pulp in bottled citrus s(|uas]ies (foreign or local 
rua,d<p !)nrrly settles a,t the botfnnv arid rpartly 
floats on top. Wlien the pulp floats on the top 
it presetits a very tinsiglitly and clumpy appearance 
and reduces considerably the market vaiiie of the 
product. This difficulty has been souglxt to be 
remedied by manufacturers in this country, parti- 
ciiiarly in the case of lime squash, in which most 
of the pulp in the form of a' thick oily emulsion 
has a tendenc}' to float on the top .of the bottled 
])roducl. A derailed sbncJv^ of the problem was 
undertaken by the authors undei* the Special Fruit 
amd \'egetable Preservation Sclnmie, Lyallpur, 
financed by the Imperial fV'uincil of Agricultural 
Research. 

Preiimiiiary experiments wvro carried out in 
case of lime squash, fn all, 4() different sets of 
this squash were prepa.red (according to the usual 
formula, I ib. juice, 1']; ib. sugar and f lb. water) 
with the followdug treatments : 


7. ‘Flash’ pasteurization of juice }>e,fore preparing 
squash. 

8. Placing the bottles of S(|uhk1i lengthwise and 
upside down. 

9. Centrifuging the juice in a, tube centrifuge, 
before preparing squash. 

10. Addition of the following chemicals (with 
the range given in each case) to the juice before 
preparing squash : 

(a) 0-025 to 0*1 per cent common salt, (b) 0-025 
per cent calcium chloride, (c) 0<()5 to 0*5 per cent 
gum tragacanth, (d) 0*05 to 0-5 pej- cent solid pectin, 
(e) 0-5 to 1-0 per cent gum acacia, (f) 12-5 to 75*0 
. per cent by weiglit of a water extract prepared 
from the rag of limes left after juice extraction. (An 
equal amount of water was reduced in the formula 
in this case.) 

Out of the above treatments, the heating of the 
prepared squash at addition of .substances 

like gum tragacanth, pectin, common salt, gum 
acacia and rag extract separately to the juice (before 
preparing squash), made the pulp settle at the 
bottom. By an addition of \^arying ainoimts of 
rag extract, it has also been possible to keep the 
entire pulp uuiforinly distrilxuted throughout the 
product, a procedure which yields a cloudy squash 
in which no separation of pulp takes place. None 
of the above treatments imparts any undesirable 
taste or flavour to the product. 

Experiments are also now under way, in which 
the results of the above in\'estigation are being 
extended to other citrus squashes like those of 
grapefruit, lemon, Malta and Samjtm. Encouraging 
results have been obtained in this connection. The 
detailed re.sults of tlie investigation will be published 
as soon as storage trials of these products have been 
compieted. 


1 lengthwise and 
tube centrifuge, 
chemicals (with 


1. Different methods for extraction of juice, -yfo. 
(a) with hand juice extractors and, (b) in a basket 
})reBS. 

2. Thorough shaking of the squash and of the 
juice before preparing squash, to break the colloidal 
nature of the pulp. 

3. Bhaking of squash and of juice Ixef ore preparing 
sqiia.sh for 24 hours in a mechanical shaker. 

4. Juice passed through flue holes under vacuum 
‘before preparing squash. 

5. Heating the juice at for 5-15 min. before 
preparing squash. 

6. Heating the prepared squash at 60®C. for 
I “15 min. 


PLANT QUARANTINE NOTIFICATIONS 


The following Quarantine regulations have been 
received in the Imperial (voimcil of Agricultural 
Research. Those interested are advised to apply I 
to the vSecretary, Imperial Ronucil of Agricultural 
^Research, New Delhi. 

Notice No. 2 oh' 1945 

1. Mexican Fruitfly Quarantine —B.B.P.Q. 64 

issued b)" the Uni fed Stales Department of 

Agric-ulture. 

2. Plant Quarantine Import Restrictions of the 

Presidency of Antigna, B.W.I. dated 20 S. 

January 1945, issued by the United States 

Department of Agriculture. 
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NoTfCE No. 3 OF 1945 

Service and Regulatory Announce ments July- 
September 1944 issued by the Bureau of 
Entomology and Plant Quarantine, United 
States Department of Agriculture. 

White-Fringed Beetle Quartintino (Quaran- 
tine No. 72) issued by the Bureau of Ento- 
mology and Plant Quarantine, Uintecl States 
Department of Agriculture, 

Bureau of Entomology and Plant Quarantine — 
479, Supplement No. i, Revised, issued by 
the United States Department of Agriculture, 

-26-3-46--600* 
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STUDIES IN THE PERIODIC PARTIAL FAILURES OF THE 
PUNJAB-AMERICAN COTTONS IN THE PUNJAB* 
XIV. MINERAL METABOLISM OF NORMAL AND 
TZRAX-AFPECTED PLANTS 

By R. H. Dastur f and ABDUL Ahad, Punjab Agricultural College, Lyallpur 

(Received for poblication on 3 April 1944) 

(With 15 text-%ure8; 


The causes that give rise to the physiological 
disorder populary known as tirak in the Punjab 
4F American cotton plants have already been 
described in the previous contributions [Dasturi 
1941; Dastur and Samant, 1942]. The main 
symptoms of iirafe-affected plants are premature 
shedding of leaves and immaturity of seeds in 
the bolls. The premature yellowing of leaves 
on light sandy soils and drooping of leaves on 
soils with saline subsoils were found to occur 
in addition to the above-mentioned symptoms. 
It has been established that nitrogen starvation 
was asscjcia ted with iirix^-affected crop on light 
sandy soils, while unavailability of water produ- 
ced tirah symptoms in cotton crop that came on 
soils with^ saline subsoils. Thus two different 
physiological causes led to the development of 
a common symptom, viz. immaturity of seeds. 
It has been demonstrated that yellowing of 
leaves on light sandy soils was associated with 
low nitrogen contents and development of tirak 
symptoms could be prevented by application of 
nitrogen in the form of the sulphate of ammonia 
[Dastur, 1941]. It was also shown that when 
nitrogen was applied to such soils there was an 
increase in the nitrogen content of leaves along 
with the absence of tirak symptoms [Dastur, 
1941]. 

Though the chemical basis of premature 
yellowing and shedding of leaves was known, it 
was not known how the immaturity of seed and 
lint was caused. The chain of events that led 
to the immaturity of seeds and lint had to be 
therefore determined. Premature yellowing of 
leaves in plants on soils with saline subsoils did 
not occur even though the seeds remained 

^ ^Tlie work reported In this paper was done in the 
Punjab Phvsiolot^ical (Cotton Failure) Scheme financed 
jointly by the Indian Central Cotton Committee and the 
Punjab Government 

t Formerly Professor of Botany, Royal Institute^ of 
Science, Bombay 


immature on this type of soil as well- It was 
apparent that a physiological drought brought 
about the drooping and ultimate shedding of 
leaves on saline soils but the causes that produc- 
ed immaturity of seeds and weak lint renfained 
obscrure. It was therefore necessary to in- 
vestigate the internal causes that gave rise 
these symptoms. 

Tirak symptoms begin to appear only 
the plants enter the fruiting phase. Befon 
stage the plants appear normal. In order to 
study the trends in the various metabolic activi- 
^ ties of the tirak-aifected plants it was necessary 
" to make a chemical study of the plants from the 
seedling stage up to maturity, and this could not 
be done until the fields where tirak occurred 
were first located. Similarly the two soil con- 
ditions promoting tirak had to be differentiated 
before the investigation could be proceeded 
with. The investigation on the physiological 
chemistry of tirak was therefore dependent upon 
and was linked up with the investigation on 
other aspects of this tirak problem. 

Material and methods 

In order to study the mineral uptake in the 
normal and the timfe-affected cotton plants, 
the fields which were previously known to 
possess the following types of soils were selected 
at the Lyallpur Agricultural Farm in the cotton 
seasons of 1938 and 1939, viz. (1) normal sandy 
loam, (2) sandy loams with saline subsoils, and 
(3) light sandy soil with nitrogen deficiency. 
Five plant samples were taken trom each soil 
type at random at monthly intervals in 1938, 
and at fortnightly intervals in 1939. Root, 
stem, aU leaves and fruiting organs were separa 
ly sampled and dried. - 

Similarly, samples of the leaves and bolls, etc. 

■f’ob'Oin f* 1 1 tsB h QCJ Tl 



THE INDIAK JOUEHAE OP AGB1CULTURAI-. SCIENCE 
Fcrccntu^c of djlTerent mineral?} in the leaves of 4F normal and tiroJu'-affeeted cotton plants 


/y6: I (1338) 

S^M 

O ro-^ O SMM£Sm'S^M 

% »« 


f/8' Z Sj£///£ Sy/B'S^/A (/333J 


and from the plots where ammonium sulphate 100® C. to constant weight for the calculations 
was applied. Samples were also taken at fort- of dry weight. Remaining parts of the samples 
nightly intervals from the fields with normal which were already dried at 70®C. were 
soil and with soils with saline subsoils where powdered finely in the power knife mill and 
cotton was sown at the usual sowing time in May kept in the stoppered bottles for chemical 
and a month later, i.e. in June. The samples of analysis. 

developing bolls were taken at random from four Total nitrogen was estimated by the modified 
plots of each of the three soil types at weekly Kjeldahl method to include nitrate nitrogen 
intervals up to the eighth week of development Calcium was estimated by the standard oxalate 
in 1941. The first and the last samples were volumetric method and potash by sodium 
taken in duplicate from each soil type to see the potassium-cobaltinitrite volumetric method, 
variations due to sampling in the chemical com- Phosphoric acid was determined by phospho- 
position of the material collected on the same ammonium molybdate method, 
day. The bolls were immediately weighed and 

divided into stalks, sepals, carpels, seed and lint. Investigation 

They were placed first in the electric drying . 

oven, where a rapid draft of warm air was blow- The nitrogen, potash, lime and phosphoric 

ing at 45®-50®C. and then they were placed at acid were estimated in the roots, stems, leaves 

70®C. till the weight was constant. A represen- and the fruiting organs every month in the 1938 

tative part of each sample was dried finally at cotton season from the normal and tirafe-affected 


iiiii 
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case of saline subsoil. Phosphoric acid was low 
in the leaves of tirafe-affected plants from light 
sandy soil only. The deficiency of nitrogen and 
potash was much more pronounced in the leaves 
of plants from light sandy soil than from the 
leaves of plants from the soil with a saline 

’'Mien the percentage distribution of each 
element in the different parts, viz. root, stem, 
leaves and bolls was studied some important 
differences between normal and tircjl?-affected 
plants were found (Figs. 3 and 4). A compari- 
son will show that the bolls of the normal plants 
contained more nitrogen (35 per cent of the 
total nitrogen absorbed by the plant) than the 
bolls of the tirafe-affected plants, which contained 
only 20 per cent of the total nitrogen. Similar 


plants. The concentration of each mineral in 
each organ was determined on percentage oven- 
dry matter 

Mineral composition of leaves 

The stems and roots of riormal and tirak- 
affected plants did not exhibit any marked 
differences at any stage in their chemical compo- 
sition. Marked differences were, however, no- 
ticeable in the leaves from normal and tirab- 
affected plants (Figs. 1 and 2). The deficiency 
f f nitrogen and lime were found to occur in the 
leaves of affected plants from the early 
stages of growth, while the deficiency of potash 
became marked from the mid August, i.e. in 
the preblooming stage in the case of sandy soils 
and from about the end of September in the 
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differences in the phosphoric acid and potash 
distribution were found, while there was no 
difference in the percentage distribution of 
lime in the bolls. The decrease in the percen- 
tage distribution of nitrogen, phosphoric acid 
and potash in the leaves at the fruiting stage 
indicated that these substances travelled from 
the leaves to the fruiting parts, where they 
were found to increase. 

Mineral composition of bolls 

A study of the concentrations of nitrogen* 
potash, phosphoric acid and lime in the carpels, 
seeds and the lint of normal and tirak-aiiected 
bolls at different stages of development revealed 
the following trends : 

The concentrations of nitrogen (Fig. 5a), 
phosphoric acid (Fig. 6a) and up to a certain 
stage only, of lime (Fig- 8a) decreased while 
the concentration of potash (Fig. .7a) increased 


in the carpels as the bolls matured. The potash 
content of carpels of tirafe-affected bolls remain- 
ed constant in the final stages of growth. ^ 

The concentrations of nitrogen (Fig. 5b), 
phosphoric acid (Fig. 6b) and lime (Fig. 8b) 
showed a fall in the seeds during the first three 
weeks of development after which an increase 
in their contents was found to occur except in 
the case of seeds from light sandy soils where 
the first two elements remained constant after 
the 5th week. Potash (Fig. 7b), on the other hand, 
showed a continuous decline in the seeds of 
normal bolls, while it remained almost constant 
in the seeds of ttrafe-affected bolls after the 5th 
week of development. 

The concentrations of all the four minerals 
decreased in the lint as it matured (Figs. 5c, 6c, 
7c and 8c) 

The following were found to be important 
differences between the mineral contents of 


PAKTIAIi 


FAILXTKES OP THE PUHJAB-AMEEICAK COTTOHS IN THE PUNJAB, XIT 


/76 7 P^/f-c^Ar7746£ (7fg.0) //f rAf a//r£^Mr 


Se/i 

0 S/ti/M/- SmsayjL 
» S/tjyAY SffYY 






/76‘ 8 


ZyW^ (CdO) /// i?/r/Yj^z^^r mz/s 



m 



SZZJ> 

0> 


7 /4 tli Z8 ^ 4z I".’ i<5 


7 M Zt Z8 3S ^Z -19 « 

sans ' 


7 /-? 2/ 28 35 ^12 Sfi 


normal and Jnafe-affccted plants on the two soil 
types: 

1. A low nitrogen content at all stages ot 
growth in the carpels, seeds and lint was a feature 
of tirak-attected bolls on light sandy soils (Figs. 
5a. 5b and 5c). Jhe carpels and lint of ttrafe- 
affected bolls on soils with a saline subsoil, on 
the other hand, showed higher nitrogen contents 
than the corresponding parts of normil bolls at 
all stages of growth (Figs. 5a and 5c). That was 
not the case with seeds (Fig. 5b) which like the 
seeds from light sandy soils contained less 
nitrogen than the seeds of normal bolls after the 
3rd week of development. 

2. Phosphoric acid content was found to be 
below normal in seeds of ^^^^^lfe-affected bolls 
from light sandy soils in the last four weeks of 
boll development (Fig- 6b), while the same 
mineral was found to be present in larger con- 


centrations than normal in the carpels of bolls 
from light sandy soils and in carpels and seeds 
from soil with saline subsoil (Fig- 6a). 

The carpels of fimfe- affected bolls were found 
to contain less potash at all stages than the 
carpels Oif normal bolls and this difference in trm 
potash contents between normal and tirah- 
affected bolls became more pronounced in the 
final stages of growth (Fig. 7a). Potash content 
continued to increase in the carpels of normal 
bolls while it remained constant in the carpels 
of timfe-affected bolls during the last three weeks 
of boll development. The potash content of the 
seeds progressively declined in the normal bolls 
while it ceased to decrease in the seeds of tirak- 
affected bolls in the later stages of growth 

(Fig- 7b). 

The lime contents of the seeds were higher 
in ti'mfe-affected bolls than in the seeds of normal 
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(bolls after the 3rd week of boll development 
(Fig. 8b). Similarly the lime content of lint was 
higher in tjVflfe-affected bolls than in normal bolls 
Fig. 8c). 

A low potash content in the carpels and a 
low nitrogen and a high potash and lime con- 
tents in the seeds were the common features in 
which timfe-affected bolls differfed from normal 
bolls- 

The graphs showing the percentage distribu- 
tion of the four minerals in the different parts 
of the bolls of normal and affected plants 
are given in Figs- 9, 10, 11 and 12. The trends 
in the graphs are of two types, one type charac- 
teristic of nitrogen and phosphorus and the 
second type characteristic of potash and lime. 

In the first type there was a progressive 
decrease in the percentage distribution of nitro- 
gen and phophoric acid in the carpels, and an 
increase in the seeds as the bolls matured (Figs. 9 


for ^irafe-affected plants. There was thus a 
migration of these substances from the carpels 
to the seeds. In the case of . tim^-affected bolls 
a greater percentage of nitrogen and phosphoric 
acid remained in the carpels at maturity than 
was found to be the case with the carpels of 
normal bolls. The seeds of izrafe-affected bolls 
thus contained comparatively lesser percentages 
of total nitrogen and phosphoric acid than the 
seeds of normal bolls at maturity. 

In the second type of curves (Figs. 11 and 12) 
there was a decline in the percentage distribu- 
tion of potash and lime in the carpels during the 
first four weeks of development in all the three 
cases, after which there was no further decrease. 
An increase in the percentage distribution of 
potash in the carpels of normal bolls was found 
to occur in the last three weeks of development. 
There was no increase in the potash content of 
the seeds as they matured and the curves for 
carpels and seeds did not consequently intersect 
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each other. An increase in the percentage dis- 
tribution of lime in the seeds of all the three 

types of boils was found to occur up to the 5tn 
week of development but after that stage it 
remained constant. No difference in the per- 
centage distribution of the four substances was 
found to exist in the developing lint of normal 
and tirafe-affected bolls. 

The stages of growth at which the maximum 
amounts of these four substances enter the bolls 
were determined by calculating the percentage 
of the total uptake of each substance every week 
(Fig. 13). The maximum percentages^ of total 
nitrogen, phosphoric acid, potash and lime were 
found to be present in the bolls at the end of the 
second week. The uptake of nitrogen in tirak- 
affected bolls declined after the second week 
while it continued to remain high in the normal 
bolls. The curve for the uptake of phosphorus 
showed two maxima in the case of normal and 


tirak-d.iiected bolls from saline subsoils, while the 
uptake of this mineral declined from the second 
week in the bolls from light sandy soils. The 
trends in the uptake of potash at different tages 
of growth of normal and tirah-'Siiiected bolls were 
similar to those discussed for nitrogen. The up- 
take of potash continued to be high up to the 
end in the normal bolls while it diminished 
after the second week of development in the 
t imfe-affected bolls. No differences in the uptake 
of lime at different stages of development were 
found to exist between normal and taVafe-affected 
■'bolls.: /",■■,. 

The uptake of nitrogen and the three mine- 
rals was found to be higher in first three weeks 
in tirak-zifected plants than in the normal 
plants. 

Discussion 

As immaturity of seeds occurred in two 
different soil types it was possible that the chain 
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of events leading to the development of the and lime was influenced by the level of nitrogen 
common , symptom on the two soils may be quite in the soil. The deficiency of potash in the 
different. It may also be mentioned here that leaves and bolls and of lime in the leaves on 
intensity of tirak, i.e. the degree of immaturity light sandy soils may thus arise indirectly on 
of seeds was greater on light sandy soils account of deficiency of nitrates in the soil. It 
than on soils with saline subsoils. From the was therefore undertaken to establish this con- 
results discussed above it was clear that a greater elusion. , ^ ^ 

disturbance in the mineral uptake was also The leaves of the plants from plots in a field 
noticeable in the bolls from light sandy soils experiment where potash was applied at the rate 
than in the bolls from saline subsoils. of 200 Ib. of K^O per acre were analysed for 

It has already been demonstrated by Dastur potash along with the leaves of plants from 
[1941] that applications of nitrogen in the form control plots where potash was not applied, 
of the sulphate of ammonia to light sandy soils Five plant sample was taken for analysis from 
ameliorated tirak occurring on such soils. It five control and five treated plots. The leaves 
was also shown, though not very conclusively, from each plot were separately dried and analysed 
that when nitrogen was applied, there was an for potash. , j-j 

increase in the uptake of potash and lirne by the Thus direct applications of potash did not 
plants along with that of nitrogen It therefore increase teuptake, as no differences w^ere noticed 
appeared probable that the uptake of potash in the potash contents of the leaves of the control 
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and treated plants In addition the measurements 
of boll weight (i.e. the weight of seed cotton 
per boll) indicated no increase in the maturity 
of seeds of plants in plots treated with potash. 
Thus tirak condition was not ameliorated. 

The application of nitrogen in the form of 
the sulphate of ammonia was found to ameliorate 
tirak and to increase the yields. It was there- 
fore undertaken to determine the potash con- 
tents of the leaves and carpels from the control 
plots and from the plots treated with 50 lb. nit- 
rogen in the form of the sulphate of ammonia. 
The leaves of five plants each, from four unma- 
nured and four manured plots were taken for 
analysis. 

Table II 

Percentage of potash in the leaves and carpels of 
tinmanured plants and of plants manured ivith 
sulphate of ammonia in light sandv soils 
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The potash contents of the leaves and the 
carpels of plan ts manured with 50 lb. of nitro- 
gen in the form of the sulphate of ammonia were 
significantly higher than the potash contents of 
the leaves and carpels of unmanured plants. It 
has already been shown that when nitrogen 
was applied, the nitrogen content of the leaves 
of manured plants was significantly greater 
than the nitrogen content of the leaves of 
unmanured plants at the same stage of develop- 
ment [Dastur, 1941]. There was also an 
increased uptake of lime as revealed by the 
analysis of the leaves of manured and unmanu- 
red plants [Dastur, 1941]. The results clearly 
suggested that potash and lime were not defi- 
cient in the light sandy soils but their uptake 
was lessened on accotint of the deficiency of 
nitrates in the soil. If the deficiency of nitro- 
gen was made up by artificial application of 
nitrogen, the uptake of these minerals was 


greatly increased. Knowels, Watkins and Cowie 
[1940] found similar increase in potash uptake in 
the potato plant when nitrogen was applied. 

The applications of nitrogen to light sandy 
soils were found to increase significantly the 
bearing, i.e the number of bolls per plant 
[Dastur and Mukhtar Singh, 1944]. Further 
investigations have shown that nitrogen had 
no direct relation with the seed maturity. In 
a field where the soil was light sandy as well as 
saline in the subsoil, i.e. where both tirak-pxo- 
moting soil conditions were present, application 
of the sulphate of ammonia was found to increase 
the boll number per plant but did not reduce 
the immaturity of seeds as compared with boll 
number and seed immaturity found in the plants 
in the unmanured plots. The leaves of plants 
from treated plots did not exhibit the external 
symptoms of tirah viz. premature yellowing and 
shedding but the bolls contained both partially 
and fully immature seeds [Dastur, Mukhtar 
Singh and Sucha Singh, 1944]. 

The application of the sulphate of ammonia 
to sandy loams (not deficient in nitrogen) with 
saline subsoils did not either increase the boll 
pumber or the maturity of seeds [Dastur and 
Mukhtar Singh, 1942] as compared with num- 
ber and the seed maturity found in plants of 
the unmanured plots. Applications of potash 
did not also increase either the boll number 
or seed maturity. In no case application of 
lime was found to have any ameliorative effect 
on tirak on any soil type. 

The results clearly indicated that there was 
no direct deficiency of potash or lime on the 
two soil types where tirak occurred. This fact 
was further confirmed by the determinations 
of exchangeable calcium and potassium from 
soils under normal crops and from soils under 
n*mfe-affected crops [Dastur and Samant, 1942]. 
No differences in either exchangeable calcium 
or potassium under normal and tirafe-affected 
crops were found to exist. 

A direct deficiency of nitrogen on light 
sandy soils reduced the uptake of potash on 
such soils. The case was different with soils 
with saline subsoils where a direct deficiency 
of nitrogen was not found to occur. In the 
former case immaturity of seeds was reduced 
by an application of nitrogen while that was not 
found to be the case in the latter type of soil. 
It therefore appeared probable that the im- 
maturity of seeds was associated with the low 
potash content of the leaves and of carpels of 
tirak-^ifected plants. 

The association of immaturity of seeds with 
low potash content has already been known to 
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occur in case of other crop plants. — Russell shed where even nitrogen was applied. 
[1937] has pointed out that if potassium was bable that the roots in the saline layer 
deficient, grains of cereals did not mature. Neal subsoil did not normally function and ths 
and Gilbert [1935] reported that the application tion of water and salts was intcrfer 
of potash remedied the disease of cotton known The leaves showed low nitrogen a 
as ‘cotton rust’ or ‘potash hunger’ where the contents at all stages of growth and a 
seeds remained immature. Skinner and Pate the protash content from the flowering 
[1925] found an increase in boll weight as a Though nitrogen was found to be lo' 
result of potash applications in fine sandy soils. leaves, no deficiency of nitrogen in tht 
A decrease in weight of the seeds was reported of bolls was found to occur. Though tl 
by Wood [1934] when potash was omitted from an accumulation of nitrogen in the 
manurial experiments. Schuster [1927] report- the potash content was below normal 
ed that soyabean plants grown with deficient tirafe-affected bolls from both the so; 
potash supply produced small and immature showed a low potash content, 
seeds with low oil contents. The deficiency of potash in the a 

The cotton plants on soils with saline subsoil tzmfe-affected bolls was again confii 
showed symptoms of physiological drought at analysing the carpels of bolls from nor 
the fruiting stage. The leaves drooped and were tirah-aiiected plants. The choice of plj 
gradually shed. Here it was not primarily a perfectly random irrespective of soil coi 
case of a dcfciency of nitrogen as the leaves did The normal and tirak-nffected plants ^ 
not show symptoms of nitrogen starvation, viz. lected from different fields. The bo 
premature yellowing. Application of the sul- normal and tirak-aiiected plants were s 
phate of ammonia did not produce any effect on ly analysed, 
seed maturity. The leaves drooped and were 

Tablb III 

Percentage of potash in the carpels of normal and tixak-affected bolls 


Number of samples analysed 


Mean 


Normal bolls 


T«>n^-affeeted boll: 


a condition of physiological drought on such 
soils. The leaves do not droop and the seeds 
properly mature in the bolls[Dastur and Mukhtar 
Singh, 1942]. The ameliorative effect on tirak 
of June-sowing was found to be accompanied by 
a normal uptake of nutrients. The absence of 
drooping itself indicated normal absorption of 
moisture. The leaves of the May-sown and the 
June-sown plants on normal soils and on soil with 
a saline subsoil were analysed at fortnightly 
intervals from the early stages up to maturity, 
for nitrogen, phosphoric acid, potash and lime 
(Figs. 14 and 15;. The nitrogen, potash and lime 
contents of the leaves of the June-sown plants 
were higher at all stages of growth than those 
of the leaves of the May-sown plants on soil with 
saline subsoil. The results indicated that a 


The potash content of the carpels of 
affectad bolls was found to be significantly lower 
than, the potash content of the carpels of nor- 
mal bolls. The difference between nitrogen 
contents of the carpels of normal and tirak- 
affected bolls were not constant. In some cases 
the nitrogen contents were higher and in other 
cases lower in ttrafe-affected bolls than the 
nitrogen contents of the normal bolls depending 
on the nature of the soil type from where the 
samples were collected. 

The shift in the time of sowing of cotton 
from the month of May to the month of June 
has been found to be the best remedy for tirak 
qn soil with saline subsoil. The delay in sowing 
is accompanied by a reduction in vegetative 
growth of the crop which does not suffer from 
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June-sown crop was also able to function nor- EEFBEENGES 

mally on the soils with a saline subsoil, and was 
able to obtain its normal requirements of water 
and salts. 

Summary 

A study of the mineral uptake of normal 
plants and of tirafe-affected plants on the two 
soil types (a) light sandy deficient in nitrogen 
and (b) soil with saline sub-soil was made to 
determine, if a deficiency of any important 
mineral was associated with immaturity of seeds 
in tirak-aiiected plants. ^ . 

Detailed investigations of the chemicai 
composition of leaves and bolls at different 
stages of development of normal and tirak- 
affected plants on the two soil types have 
revealed that a deficiency of potash occurred at 
the fruiting stage in tzmfe-affected plants. It was 
a common feature of tirak-aftected plants 
occurring on both the soil t3T^s. 

The deficiency of potash was found to occur 
indirectly as direct applications of potash w^ere 
not found to increase its uptake or to increase 
seed maturity, The deficiency of potash in light 
sandy soils occurred as an indirect result of a 
deficiency of nitrogen. If nitrogen was applied 
the uptake of potash was also increased. 

On saline soils the deficiency of potash 
probably developed as a result of the develop- 
ment of a condition of physiological drought. 

The absorption of water and nutrients was 
therefore . reduced. If the condition of phy- 
siological drought was prevented in such 
soils by reducing the plant size by a shift 
in the time of sowing the uptake of nutrients 
of which potash was one was found to be normal- 
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STUDIES IN THE PERIODIC PARTIAL FAILURES OF THE 
PUN JAB- AMERICAN COTTONS IN THE PUNJAB 
formation OP PROTEINS, OIL AND CELLULOSE IN THE BOLLS 
OP NORMAL AND TZRAX-APFEOTED PLANTS * 

By R. H. Dastue** and Abbtjd Ahad, Punjab Agricultural College, Lyallpur 
(Beeeived for publication on 24 July 1944) 

(With five text-figures) 

Phe studies of the mineral uptake of tirak- in the protein nitrogen. Richards and Temple- 
iffected plants indicated that a deficiency of man [1936] and Richards [1938] working on 
potash on both types of soils was associated barley leaves determined the changes pro- 
with the immaturity of seeds. On light sandy duced in the protein and carbohydrate metar 
soils the deficiency of potash occurred indirectly holism when nitrogen, potash, phosphoric acia 
as a result of deficiency of nitrogen while on and lime were not supplied^ in adequate 
saline subsoils it appeared to occur on account amounts. They found that wheri potassium 
of the development of a condition of physiolo- was deficient the protein nitrogen disappearea 
gical drought which interfered with the quickly from the leaves, a. marked increase m 
normal absorption of water and other nutrients, the amino and amide nitrogen occurred ana 
Applications of nitrogen to light sandy soils in the later stages nitrates accumulated, in 
were found to . increase the uptake of potash the case of nitrogen-starved Pfjits a tall in 

and it was accompanied by a reduction in the level of nitrogen occurred with a rorrespon- 

immaturity of seeds, while nitrogen application ding fall in protein nitrogen. Category _ ana 

on l,ils with sal ne tnbsoiU did not give Sen [1937],had concluded that potash doBcie^y 
similar results. 

A deficiency of potash or nitrogen had a nitrogen deficiency produced, a 
already been known to cause a depression in in the protein 
the synthesis of proteins in plants and an discussed above were ^ obtained 
accumulation of soluble forms of organic and [1937]. An accumulation of 

inorganic nitrogen. The soybean and the cal and amino nitrogen and 

pumpkin plants when starved of potash were soluble compounds was found to occur w 
found by Burrell [1926] richer in soluble nitro- pot^h was deficient, 
gen especially amino nitrogen than the control 
plants. Engel [1929] found a similar accumu- pointed to 
lation of soluble forms of nitrogen and a 
reduction of both total and protein nitrogen 
when nitrogen was deficient. Philips, Smith 
and Dearborn [1934] working on the tomato 
plant confirmed the findings of Burrell [1926]. 

They reported an accumulation of degradation 
products of proteins in the later stages of plant 
growth when potash was deficient. Walls 
[1940] who investigated the role of potasium 
in plants reported that the potassiuni-deficient 
tomato plant accumulated ammonia, amide 
and amino nitrogen, and showed a decrease 
affected. 

*The work reported paper was done in the stages at 

Punjab Physiological (Cotton Failure) Scheme financed bolls ceasecl in 
jointly by the Indian Central Cotton Committee and the provide information 
Punjab Government ’ , ^ ..x, i. ‘ • v - - 

* ^Formerly Professor of Botany, Royal Institute ot 
Science, Bombay 


‘ The above mentioned investigations clearly 
-o a disturbance in the protein metabo- 
lism of plants, when either potash or nitrogen 
was low. It was therefore considered neces- 
sary to study the protein metabolism ot tne 
bolls to determine if immaturity of seeds, the 
main symptoms of tircJz, was in any way associa- 
ted with a disturbance in the synthesis of 
proteins. The seeds from timfe-affected bolls 
were known to possess very thin and 
cotyledons devoid, of oil. The cotyledons did 
not get filled up with oil when the seeds 
to mature. It therefore appeared probable 

that the synthesis of oil was also adversely 
The study of oil formation and the 
which oil formation in the developing 
timfe- affected plants would 

_J__i on the relationship of 

this process to the synthesis of protems and 
consequently to the growth of bolls. The 
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determination of physical and chemical cons- 
tants of oil in the normal and tirak-aiiected 
bolls was considered of importance to deter- 
mine whether the nature of the oil produced 
was the same or not. 

This Study of the fat metabolism of bolls 
would not be complete without a similar study 
of the carbohydrate contents in the developing 
bolls of normal and iimife-affected plants, as it 
was well known that oil was produced at the 
expense of carbohydrates. Caskey and Gallup 
[1931] have found that oil increased repidly 
in the cotton seed from the 21st day of the 
setting of the boll up to the 30th day while 
sugars decreased in all parts of the bolls as the 
development proceeded. These findings of 
Caskey and Gallup [1930] on cotton seeds 
agreed with those of Gerber [1897] on walnut 
and almond, of Ivanow [1911, 1912] on flax 
and rape seeds, of Rushkovski [1930] on sun- 
flower seeds, of Eyre [1931] and of Johnson 
[1932] on the oil formation in the seeds of flax 
and of Sahasrabuddhe and Kale [1933] in niger 
seed. Reeves and Beasley [1935] who studied 
the development of the embryo of cotton seed 
found that sugars were present from the very 
beginning of the development of the embryo, 
while oil appeared during the 3rd week. 

Materials ato methods 

As described in the previous contribution 
[Dastur and Ahad, 1944], three types of soils 
were selected for this study, viz. (1) Normal 
sandy loam, (2) Sandy loam with saline subsoils, 
and (3) Light sandy soil deficient in nitrogen. 
About 5000 flowers were tagged at the end of 
September in each soil type. Weekly samples 
of boll material were taken early in the morn- 
ing from tagged plants. The samples were 
brought to laboratory and immediately weighed. 

After sampling, the bolls were divided into 
various parts, viz. carpels, seeds and lint. 
Fresh weights, percentage of moisture and dry 
weights were determined from a part of the 
sample which was used for the determination 
of total nitrogen. For drying the samples elec- 
tric ovens were used. For the determination 
of soluble tractions of nitrogen fresh material 
was used and the following procedure was 
adopted. 

The method of squeezing out the juice fay 
pressure from the frozen plant materials com- 
monly employed with leaves and other tender 
parts could not be adopted in this case, as the 
carpels contained fibrous tissues and the seeds 
became dry and hard as they developed. Due 
to these practical difficulties, the grinding 
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method of Davidson and Shive [1934] was 
finally adopted. About 25 to 50 gm. of the 
chopped fresh material was put in about 100 
c.c. of boiling water to kill the enzymes. The 
material was then ground with water in a 
stone mortar and squeezed through muslin 
cloth in a beaker. This process of grinding 
and squeezing was repeated several times till 
all the soluble forms of nitrogen were removed. 
Two C.C, of 10 per cent acetic acid were added 
in the extract and it was boiled for one minute 
to precipitate any protein nitrogen left in th e 
colloidal form in the solution. After cooling, 
the solution was made up to 500 c.c., a few 
drops of toluene were added and it was kept 
in a refrigerator for 48 hours at a temperature 
lower than 5® C. so that most of the colloidal 
particles may settle down after chilling. The 
clear liquid was then used lor the analysis of 
various soluble forms of nitrogen. Adequate 
quantities from the extracts, which were kept 
in the refrigerator, were taken for each 
analysis. 

Total nitrogen and soluble total nitrogen 
were determined by the Kjeldahl-salicylic acid 
method modified to include the nitrogen of 
of nitrates. Protein nitrogen was calculated 
by diffenrence between the total nitrogen and 
the total soluble nitrogen. The nitrate nitro- 
gen was determined by the modified phenol- 
disulphonic acid colorimetric method adopted 
by Frear [1930]. Ammoniacal nitrogen was 
determined by magnesium oxide method modi- 
fied by Schlenker [1932]. Amide nitrogen 
was determined by the method of Tottingham et 
al [1935] and a amino nitrogen by Van Slyke's 
method [1932]. Phosphotungstic method of 
Leonard [1936] was used for determining 
diamino and basic nitrogen. 

Oil was determined by extracting the 
ground material with petroleum ether and its 
melting point by method of Jamieson [1932]. 
Abbe’s Refractometer was used for determin- 
ing the refractive index. Iodine, acid and 
saponification values of oil were determined by 
standard methods. 

The fresh material was killed by immersing 
it in boiling alcohol to kill the enzymes. The 
soluble forms of carbohydrates were extracted 
with 80 per cent alcohol in a Soxhlet’s appara- 
tus for 24-30 hr. Alcohol was distilled off 
under reduced pressure at 40^C. and residue 
was dissolved in warm water. Basic lead 
acetate and sodium biphosphate were used for 
clarification. The extracted material was dried, 
finally powdered and passed through 100 mesh 
sieve for the determination of starch. 
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sducing -sugars and total sugars were lFVESTiGATiO:ir , 

Bined by the Schaffer^^ Nitrogen metaboksm 

etric micro-method modined by Hemze , 

lurneek [1940]- Starch was determined The trends in the total nitrogen and protein 
arch-iodide gravimetric method modified nitrogen contents in the carpels and seeds of 
inoy [1938]. Purified lint free from fats bolls of normal plants and tiraife-affected plants 
gar was estimated by the stardard chlori- were similar (Fig. 1 a, b). The total nitrogen 
, method [Doree, 1933]. ot-cellulose was and protein nitrogen declined in the carpels as 
ted by gravimetric method after treat- the bolls developed. The fall in the early 
with 17.8 per cent sodium hydroxide stages may be due to a rapid increase in the 
ing to the technique recommended by dry weight of the carpels. There was a 
^mmittee of the Division of the Cellulose decrease in the total and protein nitrogen 
,stry of the American Chemical Society contents of the seeds up to the third week of 
§ and 9-cellulose were determined boll development after which these contents 
the filtrate of ct -cellulose by potassium increased in the seeds of normal as well as 
ate-ferrous ammonium sulphate volume- tim^-affected bolls (Fig. 1 a, b). 
ethod according to Bray and Andrews There were however marked differences in 

the concentration of total nitrogen and protein 

Percentage of total N, protein N, soluble IST and diamino H in the (a) carpels and (h) seeds of normal 
^ and tfmfe-affec ted bolls 


N^Al.TJi'f PlANTS 


JlffAK ArrecTED PlAtiTS, 






nitrogen and the protein nitrogen in.t^ carpels 
of bolls from saline subsoils were higher than 


at different stages of growth between 
and tirak-ati&cted bolls. The total 
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the similar contents in the carpels of normal 
bolls; Thus, nitrdgen deficiency was not indi- 
cated in the carpels of the bolls from this type 
of soil; This differenGe already reported in the 
previous contribution [Dastuf and Ahad, 1944] 
was, therefore, again confirmed. In the case 
of sandy soils total nitrogen and protein 
nitrogen in the carpels '^ere found to be lower 
than those of the carpels of bolls from normal 
soil. 

The total nitrogen and the protein nitrogen 
contents were highest in the seeds of normal 
bolls; medium in the seeds of t/ra£-affected bolls 
from saline subsoils; and lowest in the seeds of 
timfe-affected bolls froni light sandy soils. The 
protein nitrogen did riot show liiiiGh increase in 
the seeds of tfm.^-affected bolls from the two 
soil types in the last three weeks of develop- 
menti The synthesis of proteins in the seeds of 
iirak-afiected bolls appeared to cease at the end 
of the fifth week. 

The trends in the concentration of soluble 
nitrogen in the seeds and the carpels of bolls 
from the normal and tirak-Kiiected plants were 
found to be quite different In the carpels of 
bolls from normal plants the soluble nitrogen 
decreased from the 5th week, while it increased 
up to the last stage of development in the car- 
pels of ^timife-affected bolls (Fig 1 a, b). The 
soluble nitrogen in the seeds of normal bolls 
showed a continuous decline from the 1st week 
up to the 8ch week of development (Fig. 1 b) 
while it showed an increase in the seeds oi-tirak 
affected bolls from the 5th week of develop- 
nient The conversion of soluble nitrogen to 
protein nitrogen did not, therefore, occur in 
the seeds of timfe-affected bolls from the 5th week 
df development. The accumulation of soluble 
nitrogen, in* the bolls of tirak-aiiected plants 
began a week before the protein synthesis 
ceased. The protein metabolism of firafe-affect- 
ed bolls was therefore not found to progress 
normally.from theSth week of development. 

The curve showing the diamino nitrogen in 
the carpels and seeds of normal and tirak-afiect- 
Tig- 1 a, b) indicated that the 
proteins in the tirafe-affeGted bolls 
the diamino stage. The diamino 
he carpels of normal bolls was 
last four Tveeks of development 
than the same form of nitrdgen in the carpels 
of bolls of tirafe-affected plants, while reverse 
s the case in the seed. The soluble nitrogen 
in the car-pels and seeds of normal bolls chiefly 
consisted of diamino nitrogen which appeared 
to be converted into proteins. 


The other fractions of soluble nitrogen in the 
carpels and seeds of normal and tfm^-affected 
bolls showed similar differences from the 5th 
week of development. ^ 5th week the 

curves of nitrate, ammoniacal, amide and amino 
nitrogen were of descending nature, showing 
that these compounds did not accumulate in the 
bolls and the protein metabolism proceeded 
riormally in all bolls. But after the 5th week of 
development these soluble fractions began to 
accumulate in tirak- affected bolls (Fig. 2, a, b). 
Amide nitrogen and amino nitrogen showed a 
continuous decrease in the seeds and carpels of 
normal bolls, while they accumulated in the 
carpels and seeds of tirak affected bo Is from the 
5th week of development. The accumulation 
of nitrate nitrogen was found to occur a week 
earlier (Fig. 2 a, b). 

The above results suggested that accumula- 
tion of nitrate and ammoniacal nitrogen started 
in tirahaffected bolls during the 5th week of 
development. This was followed by an accumula- 
tion of soluble organic nitrogen during the 6th 
week and after. This was in turn accompanied 
by a cessation in the synthesis of proteins at the 
same stage in the seeds of tirafe-affected bolls. 
The disturbance in the protein metabolism in 
the bolls of timfe-affected plants could, therefore, 
be said to occur, when the bolls were about five 
weeks old. 

The total nitrogen and the protein nitrogen 
contents of timfe-affected bolls trom light sandy 
soils were lowest at all stages of development. 
This may be due to a deficiency of nitrogen and 
potash occurring together in the plants on this 
type of soil. 

The lint of the bolls, from the three soil 
types were analysed for total nitrogen, protein 
nitrogen and soluble nitrogen. The total 
nitrogen in the lint decreased as the lint 
matured. This was also found to be the case 
in the carpels. There was, however, a tem- 
porary increase in the protein nitrogen in the 
first three weeks of development after which 
there was a decline. The temporary rise in the 
protein nitrogen in the Imt in the first three 
weeks rnay be due to maximum production of 
new hairs during that period, after which for- 
mation of new hairs did not occur. As these 
newly formed hairs were living and filled with 
protoplasm, the protein nitrogen contents were 
also high. In the later stages the hairs elongated 
and' thickened and most of the cell contents 
disappeare:d whereby a decrease in the per- 
centage of total nitrogen, protein nitrogen and 
soluble nitrogen occurred. 
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The melting point of the ether extract was 
gradually lowered as the seeds developed till it 
reached a value of 2'’C. to 3®C. at maturity in 
seeds from normal as well as timfe-affected 
plants. There was an increase in the saponifica- 
tion and iodine values of the ether extract as 
the seeds matured indicating that the fatty acids 
of low molecular weights ' and the unsaturated 
fatty acids in the oil increased as the seeds 
developed. The values of these constants of 
ether extract were slightly lower in the seeds 
of tirak-aiiected plants than in the seeds of 
normal plants. The acid value of the extract 
was found to decrease as the seeds developed 
indicating a decrease in the free fatty acids. 
The ether extract of the seeds of tiral^-affected 
plants showed slightly higher amounts of free 
fatty acids than the ether extract of seeds of 
normal plants. 


Fat and carbohydrate metabolism 

The results of oil contents and the different 
constants of oil are given in Table 1. The ether 
extract of the seeds in the first three weeks of 
development consisted of a waxy substance of a 
high melting point fluctuating between 52^C. 
to 55®C. The real oil formation started from 
the 4th week of boll development in the case 
of normal plants and of h'mfe-affected plants on 
light sandy soils while oil appeared a week 
earlier in the seeds of tfmfe-affected plants on 
soils with saline subsoil. The oil formation 
ceased in the 6th week in seeds of tirahaiiected 
plants while it continued to increase up to the 
8th week in normal plants, i e. when the bolls 
opened. The quantity of oil formed per 100 
gm. of seeds in tim^-affected plants was less 
than.in the seeds of normal plants. 
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Analysis of the oil from the seeds at different stages of growth 
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Por cent oil 

Iodine value 
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( a ) Seeds from n ormal soi 
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56 -40 
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37 05 

157-0(J 

55*92 

1 ..51*0 
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28 
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35 days 
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;>r. 
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8*71 

' . o.«) .. 

1*474 

49 diiys 


23 96 

I()8*4(} 

193* 10 

2*55 

2-n 
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56 days 


24-59 

109*55 

194*70 

0 45 

2-1 

.1*473 




(b) Seeds from saline soil 
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(e) Seeds from sandy soil 
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Thus except for minor differences in the formed in 
different constants of oil, the nature of the oil appeared to 


normal and tirah 
be the same. 


■affected plants 
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The reducing sugars, disaccharides, starch,, which were present in very small amounts^ 
and oil contents of the seeds from normal and The carbohydrate analysis of the carpels 
^^mfe-affected plants are given in Fig. 3, The (Fig. 4)showed that reducing sugars were present 
most noticeable feature was the fall m carbohy- in largest amounts. They showed a rise in the first 
d rates and arise in oil content as the seeds two weeks after which they declined rapidly, 
matured. The reducing sugars and starch were The starch and disaccharides showed a decline at 
present in larger amounts than disaccharides later stage. 

Pig. 3. Percentage carbohydrates and oil in the 4P developing seeds of normal and fira/j-aifected planJs 


Tiff ah Affected Piahts 
l/s/rrSAJH^ySm, 


jnzAvtwi plahts, 


JiffAH AfFBCTED Plants. 


(d) 


Pig. 4. Percentage carbohydrates in the developing carpels of normal and timZj-alfected 4 P plants 

Carbohydrates of lint the thickening of the fibre occurred du: 

The lint from bolls of tirak-afiected plants is remaining . period. The development o 
known to be weak. The fibres easily break and relation to soil coditions was studied by 
consequently they are considered immature. [1934] and he concluded, that the soil n 
As fibre strength is an economically important was an,, iinpbrtant factor that influen< 
character, chemical nature of lint from normal maturity of fibres in cotton plant. W 
and timfe-affected plants was determind. available '-soil moisture was low, it pro< 

Hawkins and Serviss [1930]' studied the weak and short fibre. Hawkins [19. 

development of cotton fibre in the Pima and found that high concentration of soi 

Acala varieties of cotton and found that the arid comparatively low supply of soil i 
elongation of the fibre was nearly complete in the produced high percentage of immature sc 

first three to four weeks of boll development and fibres. These findings are in conformity ^ 



/ l/^SAfr 

\ / rwAK Affected plants 


/ HEAiTHr plants 


ot-cellulose respectively at maturity 
a, b, c). 

Technological study of lint 

The lint of firafe-affected plants, although 
weak in strength, Is not reduced in lengra. 
The decrease in the cellulose contents of the 
lint in timfe-affected plants may, therefore, be 
due to a decrease in its growth in thickness as 
the secondary thickening of the fibres generally 
occur as a result of deposition of fresh cellulose 
layers on the primary cell wall. The cellulose 

of the lint from tirafe-affected plants 

was found to be lower than that from normal 
' This conclusion was further supported 
by the technological tests carried out on the 
iUiC from normal and tirafe-affected^^lants at the 
laboratory of the Cotton Botanist, Mirpurkhas. 


The progressive decline in reducing sugars ^ 
was accompanied by an increase in the cellulose 
content of the lint (Fig. 5 a. b, c). Thus there 
was clear evidence that callulose was formed at 
the expense of reducing sugars- The molecules 
of ceUulosc are known to consist of a number 
of aiihHrous glucose molecules arid ks syiithcas 
from reducing sugars in the case of Knt can be 

regarded as highly probable. ' 

Further analysis of.celMose of the lint re- 
vealed that it was mostly composed of <x-‘cellulose. 

P-cellulose and 9-cellulose were foiihd in very content 
small qunatities. The lint of npfmal plants cot- 
tairied about'9l per cent:ofotK:ellulose on dry plants, 
weight basis, while the lifit of tiraft-affect^ I . 
plants frbm*'shUs with Saline; Subsoil; and light’ lint 
'siMf ^"-soils '"edhtat^ed' jbentof: lz.be 
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Table II 

Technological proverties of lint from normal and tii&k-affected plants 


Maturity count (per cent) 


Mean 

length 

in 

inches 


Mean 
fibre 
weight 
10-6 gm 


Lint samples eolleeted from 


Half mature 
fibres 


Immature 

fibres 


Mature 

fibres 


1. Normal soil 


2. Saline sub soil 


ment in timfe-affected plants while it continued 
to rise in the carpels of normal bolls. Thus lack 
of potash probably appeared to be related to the 
cessation of protein synthesis in tirak- 
affected plants and whatever small amounts of 
soluble forms of organic nitrogen reached the 
bolls they remained unconverted into proteins 
and consequently accumulation of soluble 
nitrogen occurred in the carpels and seeds, 
mostly in the forms of amides and amino acids. 
Richards and Templeman [1936] pointed out 
that potassium in some manner was essential for 
the maintenance of the protoplasmic complex, 
and in its absence protoplasm did not function 
normally, and consequently further protein 
synthesis was checked and accumulation of 
simpler nitrogen fractions occurred throughout 
the plant. The results discusssed above showed 
somewhat similar trends. 

It was already shown [Dasur and Ahad, 
1944] that the bolls from tzVafe-affecteed plants 
did not increase in dry weight from the fifth 
week of development, while in the case of 
normal boils the increase in the dry weight 
continued up to the last stage of development. 
Thus wheii protein synthesis stopped the growth 
of tirak affected bolls had also ceased. 

The results described above definitely in- 
dicated that proteins and oil in seeds and 
cellulose in lint were formed from carbohyd- 
rates. The reducing sugars appeared to be the 
main carbohydrate utili:^d ^ in the formation of 
protein and oil in seeds and of cellulose of lint 
as this kind of sugar declined in carpels, seed 
and lint as development proceeded. The starch 
and disaccharides found in the carpels and seeds 
may be regarded as temporary storage products 
resynthesized from reducing sugars. These 
higher forms of carbohydrates appeared to be 
reconverted into reducing sugars as the latter 


given in the same iable. me imc oi 
affected plants was found to contain a higher 
proportion of immature fibres than the lint of 
normal plants. 

Conclusions 

The protein metabolism of the bolls of tirak- 
affected plants appeared to deviate from the 
normal course from the fifth week and the 
synthesis of proteins in the seeds did not occur 
in the former in the last three weeks of develop- 
ment ■ ... 

There was an increase in protein nitrogen 
and a decrease in soluble nitrogen as the seeds 
developed indicating that protein nitrogen was 
synthesized from the soluble forms of organic 
nitrogen. The primary synthesis of proteins 
generally occurs in the leaves. The proteins 
hydrolize afterwards into soluble forms of 
organic nitrogen and travel to different parts 
of the plants. In this case they travelled from 
the leaves to the developing bolls. This con- 
clusion was also supported by the fact that 
percentage distribution of total nitrogen 
declined in the leaves at the fruiting stage while 
it increased in the bolls [Dastur and Ahad, 

The concentration of potash was also found 
to decrease in the leaves at the fruiting stage and 
in the carpels from the fifth week of develop- 
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were being utilized in synthesis of protein and 

The cellulose content of the lint from normal 
plants was higher than that of the lint from 
tirafe-affected plants and that was due to a 
decrease in the secondary thickening of the 
fibre in the latter. Consequentry the lint from 
tirak-akected plants was weak in strength. 

StTMMAEY 

The fromation of proteins in boUs of tirak- 
affected cotton plants ceased from the fifth week 
of development while proteins continued to be 
synthesized up to the eighth week of boll develop- 
ment in the normal plants. The cessation in 
protein synthesis in bolls of tirak-aitected plants 
was accompanied by an accumulation of soluble 
froms of non-protein nitrogen from the same 
stage of development- These frotns of ,nitrogen> 
on the other hand, were found to decline conti- 
nuously in the bolls of normal plants. A disturb- 
ance in the synthesis of proteins in the bolls of 
tirafe-affected plants was therefore clearly 
indicated and the accumulation of soluble forms 
of nitrogen could be linked up with a deficiency 
of potash in the leaves and carpels. The 
decreased rate of protein formation in bolls of 
tirak-aifected plants was associated yrith a 
decrease in dry matter of the bolls. Thus the 
growth of bolls ceased at an earlier stage in the 
tirafe-affccted plants as compared with normal 
plants. , „ , 

The corbohydrate analysis of bolls did not ■ 
show any differences between the normal and 
tirafe-affected plants though a decrease in the 
oil content was found to be a feature of the bolls 
of the latter. Thus carbohydrate supply did not 
appear to be responsible for either decreased 
protein or oil synthesis in the bolls of tiiak-aiiect- 
ed plants. Potash deficiency [Dastur and 
Ahad, 1944], therefore, appeared to be the-j^-.- 
primary cause that led to the development of 
immature seeds in iirafe-affected plants. 

The anslysis of lint showed that cellulose 
was formed at the expenses of reducing sugars. 
The main differences between normal and tirak- 
affected bolls were found to be in the cellulose 
content of the lint, the percentage of the 
cellulose being much higher in the lint of the 
former than in the lint of the latter- • The 
decreased cellulose content appears to be 
associated with ' a decrease in the secondary 
thickenirig of the fibre as the lint length was 
found to be nearly the same in the liormal as 
well as tirafe-affected plants. 
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Nineteen insects have so far been recorded 
as infesting food grains in the Punjab [Rahman, 
1942] and out of these ‘ Khapra’ (Tro^oderma 
granarium Everts: T-Khapra Arr-) is the most 
abundant and destructive in our commercial 
centres of wheat production. Barnes and Grove 
[1916] had worked out the biology of this pest 
in broad outlines only. In order to subjugate a 
pest completely and cheaply, a thorough 
knowledge of its biology is essential. Hence 

^I. Observations on the reactions of Dermestid 
beetle, Troqoderma Khapra Arr, to light. Indian 
J. Ent. 1,57-63 (1939) r. * i 

II. Insect pests of stored grains in the. Punjab 
and their control. Indi-cin J • agric. Sci. 12, 564-87 

III, Biology of Bruchus analis Fab. and B. chinensis 

Linn. (Bruchidae : Coleoptera.) in the Punjab. 
Indian J. agric. Bci. 12 , 851-64 (1942) ^ 

IV. Save stored grain from insects. Indian Fmg, 

4, 18-20 (1943) - „ ■ 

V. Fighting < Khapra Mn the Punjab. Indian Fmg. 

5, 272-5 (1944) 


observations on the biology of this important 
pest were taken up seriously in 1939 and the 
results are presented in this paper, 

Disteibtjtiok 

Trogoderma granarium Everts is a native of 
India. It has been carried to the following 
countries mostly on wheat and barley : Britain, 
Germany, Holland, Korea, Japan, Odessa, North 
America and Rotterdom. In India, it is found 
in U. Central Provinces and Berar, Sind, 
North West Frontier Province , Gwaliar and 
the Punjab. In the Punjab, it is confined to the 
plains where it causes the greatest damage to 
wheat particularly in the hotter and drier parts, 
the areas of its greatest destructiveness being 
the canal colonies [Rahman, 1942]. 

Food 

T. granarium is a very serious pest af wheat. 
In addition to the food mentioned by Rahman 
[1942], it has also been recorded from bran in 
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the Punjab, malt^ in Germany and England, 
pulses, oats and irye in Germany. Wheat, 
however, is its principal and most favoured 
food. 

Life history 

Precopulation period. According to Nakayama 
[1933], the adults mate 2-3 days after emer- 
gence ; we, however, found them to mate 
immediately after emergence. 

Preoviposition period^ According to Voelkel 
[1924] a female started laying eggs 5-6 days 
(at 25°C.) after mating while according to 
Nakayama [1933] it oviposited immediately 
after mating- We found the duration of the 
preoviposition period to depend upon the time 
of the year: it lasted for 2-4 days in April, 
1-2 days during May-September and 2-5 days 
in October. 

Oviposition- Barnes and Grove [1916] re- 
corded the adults and the eggs during April- 
Septem*ber, but we have found that the females 
from the over-wintered grubs started egg 
laying in the second week of April and their 
succeeding generations continue to oviposit up 
to the end of October in the laboratory and up 
to the end of November in the heavily infested 
stores. According to Barnes and Grove [1916] 


and Mason [1921], the eggs are laid in the groove 
or some other portion of the surface of grain, 
while Rahman [1942] and others assert that 
they are laid among the grain generally singly, 
rarely 2-5 together. Barnes and Grove [1916], 
Voelkel [1924], Mason [1921], Morison [1925] 
and Nakayama [1932] maintained that a single 
female laid 35-40, 65 at 30^C., 35-40, 50 and 
20-30 eggs respectively in her life time, while 
Rahman [1942] stated that in its life time a 
female laid 85 eggs in 7 days at the rate of 1-26 
eggs per day. During our present investigations, 
however, we have found that there is a consi- 
derable variation in the amount of oviposition 
among the individual females in all the months 
and a female has been observed to lay 4-89 eggs 
in 1-8 days at the rate of 1-55 eggs per day. 
Maximum amount of oviposition recorded dur- 
ing these investigations was about double, i.c. 
89 as compared to that recorded by Barnes 
and Grove [1916], i.e. 41. Voelkel [1924], 
recorded 126 to be the maximum number of 
eggs laid by a single female at 30^C. A female 
laid the highest number of eggs during April- 
May and least during October. Table I gives 
the oviposition period, total number of eggs 
laid by a female and its daily rate of oviposition 
for each month from April to October. 


Table I 

Oviposition record of T granarium Everts 


]yo. of eggs laid 
daily 


Oviposition period 
(in days) 


Mux. 

Miu. 

Aver. 

■ ■■■. Max. ’ " 

Min. ■' 

Aver. 

Max. 

Min. 

Aver. 

89 

7 

52.2 

55 

1 

8.7 . 

8 

2 

6.0 

88 

33 

52.7 

44 

.. 

12.0 

7 

2 

4.4 

85 

33 

30.4 

22 

1 

7.5 

6 

2 

4.1 

.47 

4 

_ 23.7 

18 

1 

6.8 

5 

1 

3.5 

60 

12 

32.0 

26 

2 

7.8 

7 

1 

4.1 

52 

' 9 

31.0 

24 

1 

5.7 1 

6 

2 

4.2 

S8 

4 

15.9 

9 

1 

4.5 1 

■ 5 

2 

3.6 


April 

May 

Jiice 

July.,. 

August 

Septembei? 

October 


jEgg. It measures 0.11 mm. in length and 
0.03 mm. in its greatest diameter. 

Incubation period, Barnes and Grove [1916], 
Mason [1921] Morison [1923r Nakayama [1932] 
and Rahman [1942] have stated that the egg 
stage occupied 5-7, 6-7, 5-9at 30*^0,, 6-12 and 5-10 
days respectively. We have found the incuba- 
tion period to vary with season; eggs laid 
in April hatched in 5-9 days! tKdse Taid during 


May-August hatched in 3-6 days while those 
oviposited in September and October took 5-10 
days to hatch (Table II). This shows that 
contrary to the observations made by Barnes 
and Grove [1916]. there is an extensive varia- 
tion in the duration of the egg stage during 
different parts of the year, i. e. in June egg stage 
occupied about double the period (Table II) 
than that taken by it in April and October. ^ 
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■ .Table.^ II 

Incubation period of T* granrium Everts 


Viability of egg5* Viability of the eggs was 
found to be 48.6 per cent in April, 41*5 per 
cent in June, 60.3-66 per cent in May and 
August, 51.95-58.4 per cent in July and October 
and 86.8 per cent (i.e. highest) in September. 

Larval stage* Nakayama [1932] has recor- 
ded the larvel stage to occupy 317-351 days 
while according to Rahman [1942] the male and 
female larvae are full-fed in 19-28 and 20-37 
days respectively. During our present investi- 
gations we found a male larva to be full-fed in 
16-53 and, a female larva ^ in 20-63 days 
(Table III) and during this period they moulted 
3-4 and 4-6 times respectively as against 4 and 6 
recorded by Barnes and Grove [1916] respec- 
tively. 


Table in 

Duration of the larvel stage of T. granarium Everts 


Male larvae 


Female larvae 


Month 


Number 

of 

observa- 

tions 


Duration in days 


Number 


Duration in days 


observa 

tions 


Aver. 


April-May 
J une 
July 
August 
September 


the larvae pupated inside the malt grain (which 
it never leaves until it eats up all the endos- 
perm), while according to Rah 
pupation takes place in the last larval skin 
among the grains- W found the pupae to 
abound usually in the top layers of the stored 
wheat. According to Nakayama [1932], the 
pupal Stage was completed in 6-17 days, while 
according to Rahman [1942] it occupied 4-6 
days. We, however, found the pupal stage to 
occupy 3-6 and 3-8 days in case of male and 
female pupae respectively . 

Longevity, of adults. According to Barnes 

^ I . In , f X. n f • 1 Grove [1916] and Voelkel [1924], the adults 

Date of hatching | Date of pupation Duration in days emergence remain in the last larval skin 

— — , 2-3 days and from several hours to 10 days 

3 May 1942 .. 2B7 respectively. We, how ever, found this periGd 

30 May 1942 . . 287 to last for 15-78 hours. Barnes and Grove [191 6] 

have only recorded the maximum longevity of 
l3Aprin942 :: m the adults (p days) whereas Mason [19^ 

7 May 1942 . . 214 found the adults to live from a few to 10 days, 

5 June 1942 . . 171 Wc have worked out the longevity of the 

1 July 1942 : . 186 female and male adults separately in different 

^ ^ ^ ^ months year is presented in; 

Pupal stage. According to Mason [1921], Table V. 


Overwintering larvae. Time of their entering 
into hibernation depended upon whether the 
larvae were feeding in the laboratory or in the 
godown. Those feeding in the laboratory 
started entering hibernation on 9 August while 
in the case of those in the godown hibernation 
began in the end of November. A few typical 
cases of the duration of overwintered larvae 
are given in Table IV, 

Table IV 

Duration of the overwintered larvae 


9 August 1941 : 

16 August 1941 . . 

30 August 1941 . . 
22 >September 1941 
1 October 1941 . . 

15 October 1041 . 

} 6 October 1941 .. 
26 October 1941 . , 




Ineubatioix period 


, ; No. of 

(in days) 

Month 

observa- 



tions 




Max, Min. ' Aver.' ' 

April 

180 

9 5 7.1 

May: ■■ ' ■ 

477 

6 4 5.4 

June..'',, 

140 

5 1 3 ^ 4.4 

July 

192 

6 4 4.6 

August 

366 

6 3 4.8 

September 

264 

S 5 6.2 

October 

68 

10 6 6.7 
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.Table V 

Longevity of adults in different months 


Females 
(in days)’ 


Males 
(in days) 


Month 


April 

May 

Jime 

July 

Au^Just 

September 

October 


week of August enter 
into hibernation where* 
as all those which 
hatched after 15 August 
hibernated, 

September* All stages present but 

pupae and adults com- 
paratively less. Pest 
activity shows distinct 
decline. 

October. Larvae preponderate 

over other stages. 
Activity greatly re- 
duced. 

November-December. Only larvae present. 

Activity particularly 
at stand still. 

According to Barnes and Grove [1916] and 
Nakayama [1933], T, granarium has four and 
two distinct generations a year respectively, but 
we have found the pest to pass through 4*5 
overlapping generations during the year 
(Fig.i). 


It will be observed from Table V that both 
the males and females live the longest during 
April and shortest during June and July res- 
pectively. 

Seaso^tal history and number of 

. GENERATIONS 

According to Barnes and Grove [1916], the 
pest remains active from April to September 
and in a completely dorment condition from 
Octotober to March. We, however, have found 
that the pest remains active from mid- March to 
October in the laboratory and up to the end of 
November or even later in godowns, where 
wheat is stocked in bulk and the infestation is 
very high. Further, it was observed in the 
laboratory that some of the larvae which hatch- 
ed from the eggs laid on 9 August 1941 entered 
into hibernation, while the remaining larvae 
completed their growth and emerged as adults 
by September. This went on up to the 15 
August 1941, after which date all the lapae 
which hatched out of the eggs entered into 
hibernation. Thus in the laboratory T, gra- 
narium started hibernation as larvae from 
15 August. The seasonal activity of the pest is 
given below. 

January to mid-March. Only hibernating larvae 
’ present. Activity nil. 

Mid March to mid-April. Larvae resume activity. 
Mid April to end of Pupation starts. Adults 
April. appear and lay eggs. 

' ' Larvae and pupae also 
present. 

May to August. All stages of the pest 

* ^ 1 j • preseQt,' damage maxi- 

' mu'm In^the labora- 

^ ^ j ^ ‘sbtQC of the lAr^e * 

, ' ' '’hatching in the first ‘ 




Min. 

Aver. 

3 

10.9 

; '4'- 

7.2 

3 

4.9 

" 4 ■■ 

5.4 

■■ 4 ■ 

6*^ 

4 

8.0 

■ 5 

8.9 


89 
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«»r.<.ratinns except fourth, when it was 
5; VUHUty of. the larvae I 

hifih throughout their 
MStality among pupae was _ ^ 

of our observations on this point are prese 

in Table VII. 
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Sex eatio ik dieeebekt gbkesatioks _ 

The ratio of the males and the females in 
different generations was almost at par except 
in the fifth generation, when the females pre- 
dominated (Table VI). 

VlABIIiiTY OF DIFFFEEKT STAGES 

Viability of eggs was usuaUy low in all thE 


Table VI 


Sex ratio of T. granarium Everts in different generations 


No. of 

females 


Total No. of adults counted 


Female 


No. of generations 


Table VII 


Adults 

emerged 


Percentage of viability 


Larvae 

pupated 


Eggs 

hatched 


Generations 


periods of the male and female larvae togrue 
with their viability were noted. Results are 
tabulated below; „ , . 

It will be observed from Table VHI that the 
larval duration was shorter on wheat, oajra, 
maize, joivar, and rice, and comparatively longer 
on barley and gram and longest on pistaand 
walnut, while percentage of viability was highest 
on rice and lowest on jowuT^ 
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SStTMED BY THE LARVAE grain was Weighed again and the total and daily 

linof known weight was amount of food consumed by the female, and 
latched larva in a petri male larvae was woAed out seperately. Results 

changed into a Duna. the are given in Table IX. 


Table VIII 


Comparative rate of development and the percentage of larvae successfully completing their 

growth on different foods 


Percentage of 
viability of 
the larvae 


Food stuff 


Wheat 

Barley 

Gram 

Bajra 

Maize 

Jowm 

Etce 

Bvsta 

Walnut 


Table IX 

Amount in mg. of food consumed hy the larvae 


Male larva 


Female larva 


Month 


Total food 
consumed 


Bally amount of 
food consumed 


Baily amount of 
I food consumed 


Total food 
consumed 


Table X 

Percentage of attack in the upper 2i ft- column 
of grain 


It will be observed from Table IX that the 
female larva consumed nearly double the quan~ 
ity of food as compared to the male larvae. 

Penetration- in a heap oe wheat 

Barnes and Grove [1916] observed that the 
insect mostly confines itself to the top 10-12 in. 
layer of grain in a heap but we have observed 
the insect to be almost equally serious up to 2.5 ft. 
depth from the top as given in Table X- 


Column of grain 
from the top 


Percentage of 
attack 




Max, 

Min. 

Aver, 

Max. 

[ Min. 

i 

Aver. 

1 

Max. : 

Min. 

Aver. 

Max. 

Min. 

Aver. 

June 

f • 

0*444 

0-074 

0-173 

5*0 

1*5 

3*3 

0*561 

0*136 

0*401 

14*8 

5*0 

10*0 

July 

- 

0*600 

0-08B 

0-293 

KKO 

1*5 

5-1 , 

0*770 

0*269 

0*520 

17*0 

7.4 

117 



Buration of the larval stage (in 

days) 


Male larvae 

Female larvae 

Max. 

Min. 

Aver. 

. 

Max. 

Min. 

1 Aver. 

42 

17 

26*0 

47 

26 

35*2 

49 

22 

32*8 

51 

28 

40*1 

40 

34 

35*8 

52 

32 

42*0 

28 

21 ' 1 

24*8 

34 

26 

29-4 

f 38 

21 { 

25*6 

46 

26 

39*9 

31 

22 

25*0 

34 

24 

29*2 

33 

22 

28*0 

46 

26 

37*0 

50 

34 

38*4 

52 

33 

43*5 

45 

31 

37*1 

52 

M 

, 43*1 


? 




’ 


-1 



II] ■: , , „ ^STOREB^GEAIH. PESTS 

As we go deeper heap the attack 

goes on adiminishing and at about '6 ft. it is negli- 
gible. Along the walls and in the corners the 
insect may penetrate as deep as 9 ft. 

' H'EATIN'a OP THE GR AIN 

Presence of T. granarium among the grain 
causes heating. In a laboratory experiment 
conducted during June, July and early August, 
it was observed that the presence of 4000 larvae 
in a 5000 e.c. bottle full of wheat raised the 
temperature of the grain by 2-4°F. over and 
above the room temperatute and by I 
over and above the healthy wheat in a similar 
bottle. It was also noticed that at the time of 
pupation and emergence of adults, heating was 
not appreciable. So the extent of heating 
naturally depends upon the population of insect 
particularly the larvae. Observations carried 
out in big stores at different centres in the 
province, besides confirming the above finding, 
brought to light another important fact. As a 
result of this heating, the period of activity of 
this pest was extended and the pest was found 
CO be actively feeding and breeding even up to 
the end of November since temperature condi- 
tions in the godown were quite favourable for 

its multiplication, i.e. 83^-105'^F* 

This shows that heating of wheat is an index 
of ‘Khapra’ activity and wheat in the godown 
that is hot to touch should be rejected. This 
important observation should be made use of 
by all Government Departments which are 
required to handle wheat while making pur- 
chases. The stockists on the other hand should 
take care to keep the godowns as cool as pos- 
sible by providing proper circulation of air in 
them 

Extent of damage 

Extent of damage is calculated on entirely 
different basis by the seedsmen and the mer- 
chants. To a seedsman, percentage of damaged 
grain in a sample is the true index of the extent 
of damage whereas to the general trade, the 
total amount of loss in weight as a result of 
insect attack matters the most. Observations 
so far carried out in different parts of the pro- 
vince have shown that the extent of datnage 
caused by this insect depends upon (i) initial 
infestation of the store; (ii) infestation in the 
adjoining store; (iii) condition of stock to be 
stored; (iv) time of the year when the gram is 
stocked; (v) type of storage receptacle, (.vij 
method of storage; (vii) extent of ventil^ion in 
the store; and (viii) period of storage. Data so 


IN THE PUNJAB, VI ■ ■ : 

far collected from the point of view of seedsmen 
and the merchants are given below. 

(a) From the point of view of seedsmen 

In a single storing seas an T. granarium,^ 
an average, has been observed to damage the 
grain to the extent of 5.9 to 32.8 per cent with 
a maximum of 73.0, per cent. 

(b) From the point cf view of trade 

In order to judge the destructive potentiali- 
ties of ‘khapra* alone, some stores wep selected 
in which wheat was attacked by this insect only 
and was stored from July to November. Results 
are given in Table XL 

Table XI 

Percentage of loss in weight in a single 
storingseaso^i 


Anioniit of wheat 
stored 

Amount of wheat 
recovered 

Percentage of 
loss in weight 

2,000 man n da .. 

l,9o5 mail ads 

2-25 

305.: ... „ ... 

345 „ 

5-47 



■0.70 

SOo • • 

/ (0 „ 



Summary 

Trogoderma granarium Everts, is a serious 
pest of stored wheat and is distributed all over 
Northern India, It is active from mid-March 
to OGtober, but in the heavily infested godowns 
where the temperature rises due to insect 
activity, it has been observed breeding even up 
to the end of November. 

A female lays 4 89 eggs in 1-8 days at the 
rate of 1-55 eggs per day. Incubation period 
lasts for 3-10 days, larval stage occupies 16-53 
days in case of male larvae and 20-63 days in 
case of female larvae, pupal stage being complet- 
ed in 3-8 days and the adults live for 3-15 days 
depending upon the season. It passes through 
4-5 generations in a year. 

&x ratio and viability of different stages in 
different generations is given. Comparative 
devel 3 pment of the insect has been studied on 
new different foods. Larval duration is found 
to be shorter on wheat, hajra, maize, jowar, and 
rice and the percentage of the viability of the 
larvae is highest on rice and lowest, on jowar. 
The daily consumption of food by a female 
larva varies from 0.135 mg. to 077 mg. which 
is double than that of the male larva. Incidence 




It will be noted that the pigeon-pea isolate 
has average measurements agreeing closely with 
P. avhanidermattm, but the range agrees with 
P. Butleru Drechsler [1934] gives no detailed 
statistical analysis and one is led to believe that 
the differences in average measurements may 
not be signiheant. Whether in the broader 
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of the pest at different depths in a heap is dis- 
cussed. In a single storing season, the extent 
of damage caused by this insect from the point 
of view of seedsmen and trade has been worked 
out at 5*9-32‘5 per cent and 2*25-5‘47 per cent 
respectively. 
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COLLAR ROT OF PIGEON-PEA CAUSED BY PYTHIUM 
APHANIDEBMATUM (EDSON) FITZ. 

By R. P. Malik, Assistant to the Imperial Mycologist, Imperial Agricultural Research 

Institute, New Delhi 

(Received for publication on 13 September 1944) 


In July 1943, a few wilted plants of pigeon- 
pea (Cajanus cajan) variety U.P. 132, were 
received for examination from the Agricultural 
Section of the Imperial Agricultural Research 
Institute, New Delhi. Transverse sections 
revealed the presence of fungal hyphae, especial- 
ly in the -xylem vessels. Isolations yielded a 
species of Pythium, besides Macrophomina 
phaseoli (Maubl.) Ashby, and a Fusarium 
Sp. different from Fusarium udum Butler, which 
causes the Fusarium wilt of this crop. 

Isolat ons were again tried from speciemens 
collected from the same plot in August and 
September and these largely yielded Pythium Sp. 
Some of the isolations from plants collected in 
September, yielded Corticium Rolfsii (Sacc-) 
Curzi. 

The Pythium when grown on potato dextrose 


agar produced abundant mycelium measuring 
2'4-8’2l* diam. It formed lobulate sporangia 
and swollen antheridia. The oogonia measured 
21 (14-34) p- and the oospores 17 (12-29) p; The 
fungus agrees closely with Pythium Butleri Subr- 
and P. aphanidermatum (Eds.J Fitz. These 
two fungi were considered by Carpenter [1921] 
to be identical and Mitra and Subramaniam 
[1928] regarded P- Butleri as a ‘strain’ of 
P. aphanidermatum producing different sym- 
ptoms of foot rot on papaya and having larger 
oogonia and oospores than the typical forms. 
Drechsler [1934] who studied nearly 100 isolates 
from various plants considered that there are 
two distinct species, P. Butleri having somewhat 
larger oogonia and oospores than P. aphani 
dermutum. The measurements given by the 
several workers are as follows: 


Species 

Oogonia ' 

Oospores 

Authority 

P, Butleri Subr. 

26 (18-33) y. 

21 (13.5-25.3) u 

Subramaniam [1919J 

' ?» , r>. 1. * * 

27 

22.5 

Dreclisler [1934] 

F, aphamdermatum (Eds.) Faz, ,, 

2-272 

17-19 

Edson [1915] 

n ff * 

19.8-28.6 

14,3-20.9 

Mitra and Subramaniam fl92S] 

iy « >> 

22 

17.5 

Drechsler [1934] 

PigeoD-pea isolate 

i 21 (14-34) 

17 (12-28) 

Author 


meaning of Carpenter [1921], Mitra and Subra- 
maniam [1928], or in the narrower sense of Dre- 
chsler [1934], however, the pigeon, pea fungus 
must be regarded as Pythium aphanidermatum 
(Eds.) Fitz. 

Experiments to test the pathogenicity of the 
fungus were made. In the pot experiments, 
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germination failed when the fungus was applied 
at the sowing time but when applied to the 
stem just above soil leveh a few days after 
sowing, it caused a drying of the leaves and the 
tender shoots, and some plants dried up at the 
collar region. The fungus was reisolated from 
these plants. 

Observations in the pots from where dis- 
eased specimens were obtained, showed that 
scattered plants had wilted over a large are, 
growing at a low-lying place in wet soil. The 
soil is such that it retains water at the upper 
surface for a considerable time. 
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A NOTE ON THE DETERMINATION OF ORGANIC NITROGEN IN SOILS 

By M. R. Madhoic and Fazal Uddin', Bacteriological Research Laboratories, Punjab 

Agricultural College, Lyallpur 
(Received for publication on 17 June 1944) 

THE determination of organic nitrogen in soils It will be seen from Table I that in sandy 
is of great importance in all studies on the loam soil the figure for organic nitrogen was 
nitrogen status of soils. The method commonly practically the same by both the methods. In 
used is to digest the soil with strong sulphuric clay loam soil, however, the * Dry ’ digestion 
acid in the presence of anhydrous potassium method gave higher results by about 7 mg. of 
sulphate and copper sulphate and to distil off nitrogen. The determinations were repeated 
ammonia with caustic soda and arrest it in with the same results. 

standard acid. The difference in results by the two methods 

Bal [1925], while working on black cotton could be attributed either to incomplete diges- 
soils of the Central Provinces, found , that a tion of certain forms of nitrogen by the ‘Wet’ 
higher figure for nitrogen was obtained by digestion method, which is unlikely and con- 
^ Wet ’ digestion method than by the original trary to the existing evidence or due to the 
‘ Dry ’ digestion method. This was later con- reduction of nitric nitrogen in the ‘ Dry ’ 
firmed by Sreenivasan [1932]. digestion method. In order to test the latter 

In our recent studies on the losses of nitrogen point both the soil samples used in the ^ previous 
frQm soils it was considered necessary to experiment were separately .treated with potas- 
standardize the method for the determination sium nitrate solution ^o supply 50 ing. nitric 
of organic nitrogen. For this purpose a trial nitrogen per 100 grm of soil. These samples 
experiment was conducted with two samples were air dried, and the nitrogen determined by 
of soil, a sandy loam and a clay loam soil, and both the methods. The results were as shown 
nitrogen determined by the original ‘Dry’ in Table II. 
digestion method and the modified or the ‘ Wet’ Table II 

digestion method with 1:1 acid. The results 
obtained are given in Table I. 

Table I 

Mg. N per 100 gm- of soil 


Nitric Or^aiiie N Nitric 
N <leter- j .N 

added mined nie.luded 


Method 

of 

digestion 


Dry digestion 


Sandy loam 
Sandy loam. 
Sandy loam 
Sandy loam. 
Clay loam , 
Clay loam . 
Clay loam . 
Clay loam , 
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Nr": 




From Table II it will be seen that in both 
the soils a part of the nitric nitrogen added 
was reduced by the ‘ Dry ’ digestion method and 
that the redaction was greater in the clay loam 
soil than in the sandy one. On the above evi- 
dence it may be concluded that the higher 
results originally obtained for nitrogen in the 
untreated clay loam soil were due to the reduc- 
tion of a part of the original nitric nitrogen 
(12 mg.) present in the soil. 

The experiment was repeated with some 
other typical soils from different localities. The 
soils were treated with potassium nitrate at 
50 mg. nitrogen per 100 gm* of the soil, and 
nitrogen estimated by both the methods. The 
results (Table III) conhrmed the above finding, 
.viz. that a part of nitric nitrogen is reduced by 
dry digestion. The reduction is comparatively 
greater in the Palampur soil which is rich in 
organic matter. 

Table III 

Mg. nitrogen per 100 gm. of soil 


Soil 

Percentage 

Method of 
digestion 

Nitric 

N in- 
cluded 

Clay 

Organic 

matter 

^Dry ^ 

< Wet ^ 

Palampnr . . 

35 

1.5 j 

199.0 

173.0 

2G.0 

Dliiindi estate 

4G 

0.3 

1 

100.1 

94.5 

5.G 

Montgomery 

20 

0.2 

55.3 

47.G 

7.7 

Sargodha . 

24 

0.3 

•57.4 

4G.2 

11.2 



In order to confirm the above results, 
another experiment ‘was conducted as follows: 

One hundred grams mi the clay loam soil 
were shaken with 400 c.c. of distilled water 
for half an hour, transferred to a Buchner 
funnel and washed free of nitrates. The washed 
soil was air dried, sieved and organic nitrogen 
determined by both the methods. The results 
were as follows : 

Mg. N per 100 gm. soil 
693 
69.3 
70.7 
70.7 

From these results also it becomes clear that 
higher results for organic nitrogen obtained 
previously by the ^ Dry ’ digestion method were 
due to the reduction of nitric nitrogen. 

For turther verification of ^the results, the 
digestion of clay loam soil (original sample) 


‘ Dry ’ digestion 
‘ Wet ’ digestion 


[XV, 

was conducted in a closed system. The evolved 
gases were slowly bubbled through soda and 
ferrous sulphate solutions. When the digestion 
was complete, purified air (free from ammonia 
and nitrous fumes) was aspirated for a few 
minutes. The contents of the absorption bottles 
were reduced with Devarda’s alloy and nitrogen 
estimated. It was found that the gases from 
the ‘ Wet ’ digestion flask contained more 
nitrogen than those from the ‘ Dry ’ digestion 
flask (3*0 mg.) This showed that the oxides 
of nitrogen which are produced by the action of 
sulphuric acid on nitrates are partly fixed up 
in the course of the ‘ Dry * digestion. 

CoNCLXJSIOjST 

From the foregoing it becomes clear that a 
part of the nitrate nitrogen is reduced in the 
^ Dry ’ digestion method and therefore the re- 
sults obtained for organic nitrogen are higher. 
The expknation seems to be that the nitrates 
are readily decomposed by the action of sul- 
phuric acid whether dilute or strong with the 
evolution of nitrous fumes. In the ‘ Dry * 
digestion method, by the simultaneous action 
of the concentrated sulphuric acid on organic 
matter of the soil, numerous compounds are 
formed, side by side with the nitrous fumes and 
these exercise a reducing action on thej nitrous 
fumes. While in the ‘ Wet digestion method 
the nitrous fumes are boiled off before the acid 
is suflSciently concentrated to elaborate reduc- 
ing substances. 

The apparent conclusion from these studies 
is that the usual dry digestion method of the 
determination of organic nitrogen in soils gives 
higher results if the soil is rich in nitrates and 
that the " Wet ’ digestion method is preferable. 

In our trials, since * Dry ’ digestion brought 
about the reduction of a part of nitric nitrogen 
even in case of a sandy soil which wasjvery poor 
ift organic matter, it is likely that a similar 
effect would be noticeable in other soils as well. ’ 

There „ is a seeming contradiction'- between 
our results and those obtained by Bal [1925] 
and Sreenivasan [1932], but it vanishes when 
we remember that they got lower results by 
Dry ’ digestion due to the incomplete digestion 
of their soils. The error due to this was very 
likely big enough to mask the effect of nitrate 
reduction as observed by us. 
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THE BIOLOGICAL DECOMPOSITION OF GREEN MANURES 
I. CAEBON-NITROGEN TRANSFORMATIONS DURING DECOMPOSITION 

By J. G. ShbiEHAKdb, Ph. D- (LONd.), M.SO. (NAa.). A LC., Imperial Institute of 

Sugar Technology, Gawnporc* 

(Beceived for publication on 24 October 1944) 


iKTKOB'trCTIOlSr 

In tropics, where aniiBal manure is^scarce, ^reen 
mianures form an essential feature in the system 

crop husbandry employed in the growth of 
plantation crops-. The maintenance of an 
adequate supply of organic matter in 'the soil 
carrying these crops depends largely on the 
frequent turning under of green manure crops. 

Although green manuring offers a handy 
method in improving the organic matter status 
of soils yet it is highly complicated. Farming 
practice varies so much from place to place that 
success in extending the use of green naanures 
depends first and foremost on an intimate 
knowledge of local conditions.. Tho possibilities 
of green manuring, as of any other agricultural 
practice, will always vary from season to season. 
Such a tricky character of the practice of green 
manuring has been amply demonstrated by the 
failure of wheat and barley grown after mustard 
and tares in the famous Woburn experiments. A 
detailed account of these experiments is given by 
Crowther and Mann [1933]. 

The subject of decomposition of green 
manures has attracted the attention of several 
workers on account of its complicated character. 
Studies have been made by Tenny and Waksman 
[1929], Crowther and Mirchandani [1931], 
Mirchandani [1931] and Daji [1934], using soil 
, as the medium. The results of all the^e workers 
point to the same conclusions, viz. (a) that the 
age and nature of green manure plants have an 
influence on the amount and rapidity of libera- 
tion of nutrients, particularly nitrogen in an 
available form; and (b) unless a crop is ready to 
avail itself of such rapidly available nitrogen as 
ammonia or nitrate, the latter may soon get 
leached out during winter-rains and some 
nitrogen may also be lost through volatilization. 

As it is rather difficult to follow the changes 
in the soil because of the small quantities of 
nitrogen present for direct experiment, a parallel 
case was chosen where the biochemical decom- 
positions are similar to those in the soil but the 

* Formerly of the Tea Research Institute of Ceylon., 
TalawakeiJe 


quantities of nitrogen are relatively large. Such 
a method has been successfully adopted by Rege 
[1927], Norman [1929] and Shrikhande [1933, 1], 
for the study of several factors involved in the 
decomposition of materials like straws. These 
workers have followed the changes in nitrogen 
with respect to loss of dry matter with materials 
of a wide carbon-nitrogen ratio, but such direct 
study has never been repo i ted. so far for materials 
natiirally rich in protein. Moreover, Howard 
[1935] has lately been advocating the composting . 
of green manures instead of their direct incorpo- 
ration on tea estates of Ceylon. It was therefore 
thought desirable to imitate the process of com- 
posting in the laboratory under controlled con- 
ditions to see how far such a process compares 
with the age-long practice of green manuring. 
With this object in view the subject was 
followed up in considerable detail by studying 
the carbon-nitrogen changes in composts obtain- 
ed and their respective hydrogen peroxide and 
water extracted residues as outlined below. 
Experimental 

A number of green manures with other 
vegetaHe materials used for composting on tea 
estates in Ceylon was rotted in presence of mixed 
natural flora for 35 days at room temperature of 
about 30®C., with the following changes in the 
nitrogen supply: 

(a) Plant materials independently of any 
external source of nitrogen. 

(b) Plant materials in presence of ammonium 
sulphate- 

(c) Plant materials in presence of sodium 
nitrate. 

(d) Comparitive tests on nitrification. 

Original plant materials and their respective 

composts were extracted with water and 
hydrogen peroxide. Carbon ^nd nitrogen deter- 
minations were conducted on all the samples. 

Teghnique and methods 

Twenty grams of oven-dry materials of known 
carbon-nitrogen ratios were fermented aerobical- 
ly in bottles. Each bottle was given an inoculum 
from a compost so as to ensure a rapid and even 
growth of flora. Nitrogen in different forms 
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was introduced at the rate of 1 gm. per lOO gm. of 
material and the moisture content was adjusted 
to about 70 per cent. Frequent stirring of the 
contents was resorted to in order to obtain 
uniform moisture distribution. This would avoid 
any chances of waterlogging. After the desired 
period each bottle was weighed with its contents 
and analysed as shown below : 

1. Extraction with hydrogen peroxide— the 
method employed was described by Shrikhande 
[1933,2]* The strength of peroxide used was 
3 per cent. 

2. Extraction with water — ^2 gra. of the 
vegetable material and its compost were extracted 
with the same volume of water and for the same 
length of time as with peroxide. 

3. Ammonia and nitrate N were estimated 
by methods described by Shrikhande [1941]. 

4. Total N WiS determined by the usual 
Kjeldahl method using sulphuric-salicylic acid 
mixture only where nitrate was present. 

5. Organic C was determined by the 
Robinson, McLean and Rice Williams method 
[1929]. 

Eesuets 

Series I — Carbon-nitrogen ratios of various materials 

Table I contains figures of carbon, nitrogen 
and C/N ratios of the plant materials. It will 
be noted from the data that the variation in 
carbons is less striking than in the nitrogen of 
the different plant materials. It appears as 
though the distribution of carbon is more even 
in this class of materials than nitrogen. Know- 
ing therefore the approximate age of any such 
material it may be possible to roughly estimate 
its. car bon content but not so with the nitrogen. 
On an average the value of carbon may be 
assessed at 40 percent in a moderately aged 
material. The carbon-nitrogen ratios of all the 
materials except these of Maana grass, Grevillea, 
cane-reed and paddy straw approximate to a 
figure which is obtained by composting an average 
vegetable material. This seems to be the funda- 
mental reason why such materials have been 
generally used as green manures on tea estates 
without precomposting them before incorpo- 
rating them into the soil- Adhering therefore 
to the basic conceptions of composting, the < 
principle of using such materials as green manure J 
appeared to be quite sound The fact that this : 
conception has recently been called in question 1 
made further investigation of the decomposition i 
of green manures desirable. i 


Table I 

Carbon-nitrogen ratios of the unfermented 
materials 


Material 

Carbon 

Nitrogen 

C/N 

Sunflower .. 

36-91 

3-37 

10-96 

Tephrosia 

43*40 

3-46 

12-56 

Refuse tea 

■ , 42*7a 

3-97 

10-75 

Dadaps .. 

40'62 

'2-54 

15-97 

Q-liricidia 

40-48 

2-74 

14-77 / 

Maana grass 

39-92 

1-08 

37-0 

Tea leaf (prunings) 

42-63 


13-38 

Weeds 

34-99 

2-01 

17-43 

Fern 

4jL*01 

1-79 

22-88 

Cane reed 

36-92 

0-96 

38*50 

Grevillea? 

48-78 

1-04 

47-10 

Paddy straw 

34-59 

0-78 

44*12 


Series II — Carbon-nitrogen ratios of residues 
obtained on water and peroxide treatment 
of plant materials 

The object of siich extractions was to see 
whether there existed any difference between 
the two extracting reagents and if so how one 
extraction differed from the other. Another 
reason for this series was to find out how much 
of the nitrogen in the plant material is easily 
available on the supposition that easily soluble 
nitrogen is readily available to the. plant and 
micro-organisms because of its quick ammoni- 
fication and subsequent nitrification Such an 
assumption appears reasonable since plants must 
obtain their nitrogen in soluble form. The 
work of Heck and Whitting [1927], Heck [1929] 
and of Bedsole [1937] lends support to such a 
hypothesis. Bedsole [1937] analysed a number 
of weeds common to Florida for their water 
soluble and total nitrogen contents and also 
studied their nitrification in the soil. He found 
that water soluble nitrogen was the most 
important 'factor in promoting nitrification 
followed by total N. If the water soluble N 



Material 


Sub flower 

Tephrosia 

Eefuse tea 

Dadaps 

Gliricidia 

Maana grass 

Tea leaf 

Grevilleas 

Weeds 

Fern 

Cane reed 


C/lSr of the HgO extracted material C/N of the extracted material 

(Itesidues) (Residues) 


Material 


Sun flower 

Tephrosia 

Eef use tea 

Dadaps 

Gliricidia 

Maana grass 

Tea leaf 

Grevilleas 

Weeds 

Pern 

Cane reed 
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highest- The extraction of nitrogen with 
peroxide is much more than in the case of water. 
Peroxide thus appears to attack the nitrogenous 
complex more than other constituents except in 
Gliricidia and weeds. The exceptional be- 
haviour of proteins in Gliricidia continues to be 
the same as with water although greater carbon 
has been knocked off by peroxide. In the case 
of weeds, extraction with water and peroxide 
produced identical results in respect of both 
carbon and nitrogen. This is suggestive of the 
difference between the proteins of Gliricidia and 
weeds from proteins of other tissues. Due to 
the higher extraction of protein with peroxide 
the carbon-nitrogen ratios of residues are higher 
than the parent materials, with the exception of 
weeds. 

If the analogy of quick nitrification in 
relation to water-soluble N and total N is 
stretched a little further it may be suggested 
that the peroxide soluble N may form the upper 
limit for this nitrogen to become available by 
minercdization since it has been shown by Iyer 
et al [1934] that oxidizing agents present in the 
soil assist in the liberation of plant food. 

From the data presented in Tables II and III 
the difference between the strengths of water 
and peroxide as extracting reagents has been well 
established. Hydrogen peroxide has removed 
more of both carbon and nitrogen than water. 

Series III — Nitrogen transformations with respect 

to losses of dry matter during decomposition 

Results of analysis are given in Table IV. 
Fungus mycelium appeared on the 3rd or the 4th 
day and active growth was noticeable after a 
week with the exception of maana and fern with 
no supply of artificial nitrogen. This is obviously 
due to the low nitrogen content of the two 
materials. Every bottle when stirred smelt . 
profusely of amonia after a fortnight’s decom- 
position barring materials of a wide carbon- 
nitrogen ratio and of tea leaf without any treat- 
ment although it has a narrow carbon-nitrogen 
ratio. This observation was confirmed by the 
actual amobnts of ammonia recovered on distil- 
lation. But the absence of even a trace of 
ammonia from tea leaf is highly striking when 
compared to the behdviour of other protein-rich 
materials. Refuse tea which is a product of 
manufacture of tea flush produced some ammoni- 
fication but this may be due to some modifications 
caused during manufacture. These observations 
have been confirmed by repetition. Sun flower 
although- so rich in protein also gave a low 
recovery of ammonia but this can be reconciled 
with the fact that it has only a small negative 
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nitrogeh factor while fermenting alone and 
actually ends with a positive nitrogen factor 
[Richards and Norman, 1931] in presence of 
sulphate of ammonia. Tea leaf although it gave 
such a high negative nitrogen factor showed no 
signs of ammonification suggesting thereby that 
the loss of nitrogen is in the form of elementary 
nitrogen [Eden and Shrikhande. 1939]. This 
anomalous behaviour may be attributed to the 
presence of tannin in tea leaf. This aspect of 
the problem is examined in a greater detail in a 
separate communication. The very small positive 
nitrogen factor for maana may either be due to 
the absorbtion of ammonia from other bottles or 
it may be an experimental error. The losses of 
dry matter are normal and they seem to depend 
upon the nitrogen content of green mahures. 

Although there is no need of any external sup- 
ply of soluble nitrogen for fermenting materials 
of a low carbon-nitrogen ratio, fermentations 
were conducted under such conditions by way 
of academic interest. It will be noted that sun- 
flower, though it possesses more than enough 
protein for its decomposition has actually finished 
with a positive nitrogen factor in the presence 
• of sulphate of ammoma. This observation finds 
support in the findings of Richards and Norman 
[19M], who also obtained a similar positive 
nitrogen factor with willow peelings with a high 
protein content. They have attributed this to 
the preferential utilization of ammonia over the 
plant protein. All the materials including tea 
leaf have produced ammonification. Such am- 
monification in tea leaf suggests that tea tannin 
has no effect on the ammonification of a material 
which is introduced externally but it does seem 
to interfere with the ammonification of its own 


protein suggesting some sort of association or 
linkage between the protein in the material. 
A fairly high recovery of ammonia on distillation 
in the case of Grevillea can be explained by 
taking into account the extremely refactory 
nature of the material as seen by the poor loss of 


dry matter of 7 per cent The complete recovery 
of total nitrogen with negligible losses of dry 
matter clearly denote that the microbilogical 
activity was insignificant and hence there was 
no material change both in the. mineral and total 
nitrogen All other materials of a wide carbon- 
nitrogen ratio finish with a positive nitrogen 
factor as anticipated. When the losses of dry 
matter with ammonium sulphate are compared 
with those with no treatment it will be noticed, 
that they are lowered by an extra dose of 
nitrogen. This is in accord with the findings of 
previous workers. 

There are two points which are worthy of 
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■ '''Table IV 

'LoS'S^of, dry matter^ mid nitrogen transformatiGn occurring during decomposUion f or 35 days^ 
(Results ex jyressed Gp 100 gm. original materia!) 


Material 


Initial 

m.n: 


Dry 

matter 


Final T.N NH3-N 


Organic 

N 


Hitrogen; 

■factor 


No Treatment 


Sun flower 

Tephrosia 

Refuse tea 

Daclaps 

Glirieidia 

Maana grass 

Tea leaf 

Weeds 

Grevilieas 

Fern 

Gane reed 
Paddy straw 


Sun flower 
Tephrosia 
Refuse tea 
, Da daps 
Glirieidia 
Maaim grass 
Tea leaf 
Weeds 
Grevilieas • 
Fern 

Cane reed 
Paddy straw 


Sun flower 
Tephrosia 
Refuse tea 
Dadaps 
Glirieidia 
Maana grass 
Tea leaf 
Weeds 
Grevilieas - . 
Fern 

Cane reed 
Paddy straw 


note in the sodium nitrate series. Firstly, the 
recovery of mineral nitrogen is not so high as 
with ammonium sulphate. Secondly the nitpgen 
factors have a greater negative value. This can 
be attributed to the losses of nitrogen due to 
denitrification. Here again, the losses of dry 
matter are affected by an excessive doze of 
nitrogen as in the case of ammonium sulphate. 
The extremely poor decomposition of Greyillea 
both with ammonium sulphate and sodium 
indicate the extremely resistant nature of this 
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plant- tissue. It should be incorporated into 
the soil with a proportionate dose of nitrogen, 
or else it should form a good resistant material 
to be composted with green manures. 

Series IV-^Carbon-nitrogen ratios of composts 

These ratios are contained in Table V. The 
recovery of carbon with all the three types of 
composting is practically of the same order. It 
is however lowered in general by- 10 to 15 per 
cent when compared with the carbon content 
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Ofirbon 


of fresh materials. Nitrogen in composts without 
any treatment follows a similar course as the 
parent materials with an exception in tea leaf. 
The carbcn-nitrogen ratios of all the composts 
are lower than those of original materials. 

Q?able V 

Caiborrnitrogen ratios of fermented materials 
(35 days) 


Material 


Sim flower 

JRefuse tea 

Dcidaps 

Gliricidia 

Maana grass 

Tea leaf (primings) 

Weeds 

Eem 

Cane reed 
'■ Paddy straw 


Nitrogen j 


A'o treatment 


A m mon iu m sulphate 


Sun flower 

26-07 

4-61 

5-65 

Tephrosia 

27-01 

4-38 

6-30 

Btf use tea 

24-01 

4-47 

5-37 

Da cl lips 

" 30-79 

3-34 

9*22 

Glirioiciia 

23-34 

3-47 

6-74 

Muana grass 

27-75 

2-19 

12-68 

Tea leaf (primings) 

29-60 

3-45 

8-57 

Weeds 

14-22 

2-39 

5-96 

Fern 

28-56 

2 61 

10-92 

Cane rceJ 

24-10 

1-66 

1455 

Paddy straw 

13-30 

1-68 

1087 


Sodium niiratG 



Sun flower 

i ’ 23-42 *r 

3-19 

7-33 

Tephrosia 

28-27 

304 

9-30 

Eofuse tea 

28-43 

4-5S 

6-21 

Dadaps 

24-40 

3-04 

8-03 

Giiricidia 

23-14 

3-07 

7-54 

Maana gra.ss 

26*84 

1-69 

15-88 

Tea leaf (primings) 

2S'21 

3-46 

8 15 

Weeds' 

15 13 

2-14 

7-06 

Fern 

22-85 

2-22' 

10 29 

Cane reed 

18-77 

1-57 

11^8 


Pa^dy straw . . . * . . 

The carbon recovery of composts obtained 
with sulphate of ammonia and sodium nitrate is 
in^ggneral the same as with no treatment, but 
tl%i^fe^gens are apparently higher than compost 
wgfiou%^^ treatment on account of the mineral 
ni |§^5 §^ded. The carbon-nitrogen ratios are 
than those of original materials. 
Comparing sulphate of ammonia with sodium 


nitrate rots it can be seen that the carbons for 
both are similar but not so with nitrogen. 
Nitrogen in sodium nitrate rots are lower due 
to losses on denitrification and hence the carbon- 
nitrogen ratios are wider here than in ammonium 
sulphate rots. 

In actual practice, an attempt should never 
be made to compost such materials in presence 
of additional mineral nitrogen. The carbon- 
nitrogen ratios of composts obtained without 
any treatment are in themselves highly signi- 
ficant. Their ratios have become narrower than 
10 : L The average ratio obtained on com- 
posting a fairly resistant material is usually of 
the order of 12 ; 1. Attempting to ferment 
materials of narrow C/N ratios is to involve one- 
self in an undesirable waste both of carbon and 
nitrogen which are so essential for the growth 
of plants and organisms. In fact to compost 
such a material is to defeat the very object of 
composting. The principle of composting really 
consists in fermenting materials of wide carbon- 
nitrogen ratios in the presence of a suitable 
source of available nitrogen, so as to bring down 
the ratio to that of soil humus (near 10: 1) 
which is the optimum for easy nitrification. 

There are, therefore, only two ways in which 
such materials can be successfully used, (1) by 
composting them with some resistant materials, 
(2) using them as green manures by digging 
them into the soil. Ammonia which is liable to 
be lost under oi dinary composting will be 
profitably utilized either by the micro-organisms 
in elaborating microbial tissue under the first 
head or the. ammonia as such may be absorbed 
by the soil complex thus preventing the whole 
of it being lost on volatilization as. the growing 
crop may use it in the form of nitrate. The 
first principle was successfully adopted by Brown 
and Smith [1929] in composting straw in pre- 
sence of clover and unsuccessfully by Bagot 
[1936] by composting green manure alone. 

Series V — Carbon-nitrogen ratios of residues obtain- 
ed after extraction with water and peroxide 
of composts 

These determinations were conducted only 
on composts obtained without any treatment. 

Water extraction* When these residues after 
water extraction in Table VI are compared with 
those obtained from original materials, it will be 
noted that the residues from composts are lower 
than those obtained from the parent material. 
Such a difference can be accounted for by the 
fact that certain constituents in the original 
material have been partly rendered soluble and 
partly destroyed by the micro-organisms during 
the process of decomposition. 
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Tabi.b VI 

Extraction of fermented material with H 2 O c& H 3 O 2 
(Residues) 


Material 


H.O i 


Sun flower 

Tephrosia 


51-51 

26-2 

Eefuso tea 


56 0 

44*8 

Baclnpd 


60-7 

34-0 

GJiricidia 


42-8 

3.V7 

Maana grass 


42-9 

34-2 

Tea leaf (primings^ 
Weeds 


54-8 

56 0 

43-0 

31-9 

Fern 


32-6 

19-1 


By Studying Table VII along with Tables V 
and in it will be seen that both the factors are 
at play in giving lower residues from composts. 
Carbons in Tables V and VII are in general of 

Table 


the same magnitude showing that very little 
carbon is water soluble whereas in certain cases 
over 30' per cent' of nitrogen has been rendered 
water soluble in composts* That is why the 
carbon-nitrogen ratios of residues have gone up 
in their values. If both the carbons and 
nitrogens in Table VII are compared with those 
in Table III it will be found that they are 
lowered by about 30 and 20 per cent respectively* 
Both these constituents are apparently; lost 
during decomposition, viewing the water solu- 
bility of nitrogen in a compost as a test of quick 
nitrification and easy availability, as discussed 
previously, we can conclude that 30 per cent of 
nitrogen in such composts should become easily 
available to the crop. 

Peroxide extraction. Comparing again per- 
oxide residues of composts in Table VI with 
those in Table II of fresh materials it can be 
observed that there is a considerable difference 

VII 


C/N ratios of residues on extraction of fermented materials H 2 O 2 




Material 


Sun flower 

Tephrosia 

Eefuse tea 

Badaps 

Giiricidia 

Maana grass 

Tea leaf (primings) 

Weeds 

Fern 


between the two* That peroxide extracts much 
more than water can be deary seen by com- 
paring their respective residues in Table VI* 
Arguing on similar lines as in Series II, we 
can say that peroxide extracted more of carbon 
and nitrogen from composts than water. About 
25 to 30 per cent of carbon has been removed 
and nitrogen extracted in several cases has 
exceeded 60 per cent. Comparing the data in 
Tables III and VII it can be seen that approxi- 
mately 40 per cent of carbon and nearly an 
equal amount of nitrogen have been apparently 
lost during decomposition of most materials of 
a narrow carbon-nitrogen ratio* 60 per cent 
which is shown to be peroxide soluble N may be 
taken as the upper limit for available N in 
composts since oxidizing agents present in the 
soil assist in the liberation of plant food [Iyer 


The figure quoted by various workers on the 
availability of nitrogen in composts and farm- 
yard manure ranges between 33 and 68 per 
cent. These values were arrived at either by 
following the ammonification and nitrification 
and changes in soil with a rainure or by the 
amount of nitrogen recovered in the growing 
crop* Tuxen [1884] for instance recovered only 
33 per cent of N in farmyard manure as nitrate 
in five months. Iversen [1927] recovered 26-68 
per cent over a period of eight years m nis 
wheat crop and Popp [1908] noted that six 
weeks were required to nitrify 33 per cent N in 

All the above data also clearly demonstrate 
the greater action of peroxide than water over 
both composts and fresh vegetable tissues. 
These findings thus contradict the observations 

pf BUchatdson £19311 who ooted practically no 
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difference between the two extracting reagents. 

Series VI — Comparison of the rate of nitrification . 
of different materials 

Ail the materials were ground to pass 64- 
mesh sieve- Nitrification tests were conducted 
at room tempetrature of about 25°C. The amount 
of N in each container was adjusted to 40 p.p.m. 
and each treatment was quadruplicated. 100 gm. 
of sand was taken in each container and the 
moisture content was maintained at 10 per cent. 
After seven weeks all the cultures were tested 
for , mineral N by the Mclean and Robinson 
method fl924]. The results are summarized in 
Table Vlir. It is interesting to note that the 
lowest limit of N for nitrification from this, 
data is set at 1*79 per cent which is in accord 
with the well establishd concept. Lyon, Bizzell 

Table 
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and Wilson [1923] showed that nitrate is' taken 
up from the soil .during' the decomposition of 
plant residues containing : less than '' about '- i’S 
per cent N : this am aunt, however, seemed to 
keep the process' self-supporting.' Materials 
containing more N' than this increased' the NO 3 
content of the soil- This observation is also in 
keeping with the results in Table IV on the 
decomposition of materials in bottles when 
materials below 1*79 per cent hive not under- 
gone any change without an external supply 
of available N. ' The perceiltages of total ■nitri- 
fication appears to be proportional to the initial 
total N content of the materials with an excep- 
tion in refuse tea which contains about 18 per 
cent tannin, but there seems to be no strict 
relation. hip between aitrification and water- 
soluble N as suggested by Bedsole' [l937]. : 

VIII ', 


Mineralization of nitrogen in original materials 


Materiiil 




Sun flower 

Glirieidia 

Tephrosiia 

Dadaps 

Eefiise tea 

Weeds 

Fern 

Maana grass 
Grevilleas 
Cane reed 
Paddy straw 


Summary and conclusions 
Decomposition of green manures and other- 
suitable material for composting on tea estates 
in Ceylon has been stud-ied with respect to their 
carbon-nitrogen changes, with the following 
observations : 

(1) The composition of various materials 
examined shows that the carbon- nitrogen 
ratio of all the green rnanures is in the neigh- 
bourhood of 12 ; 1, a ratio obtained in a compost 
^ of an average vegetable material Some uni- 
formity in the distribution of carbon in these 
. materials has been suggested. ^ 

. (2) Hydrogen peroxide produces a greater 
loss on extraction of fresh materials than water. 
Peroxide extracts more of carbon and nitrogen 
. than water. The carbon-nitrogen^ ratios of 
^ residues on water extraction are of the same 
cycder as.ot the, original materials, but not so 

V,' ' "■'.'vl' ' " ' 



Nitrification 

Percent age 

Percentage 

Perccntfige 

gP.p.ni. 

percent 

of total N : 

ofHgO 

of HgOg 


of total 

in the 

soluble 

, Foiiibier 


nitrogen 

material 

nitrogen 

! nitrogen 

8-29 

20-68 

3-37 

"" ':'0-57". 

1*83 

9-29 

1 ■ 2S-24' 

' 2*74 

0 23 

0-35 

17*20 

43-00 

3*46 

0-96 

1-11 

2*80 

6-99 

[ 2-54 

0-87 

1-35 

2*24 

5*60 

. 3-97 . . 

1-10 

1*20 

6-OS 

15-09 

2*01 . , 

0-35 . 

0-28 

4-70 

11-74 

1-79 . . 

0-20 

0*5.0 



1-08 , . 

0-02 

0-35 ■ 

, , 


1-04 . . 

0-01 

•O'Or 



0-96 . . 

0-15 

.0*36 
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(3) All the green manures have finished 
with a^ negative nitrogen factor with ready 
ammonification of the plant protein, with the 
'exception of tea leaf. The leaf with its normal 
decomposition and negative nitrogen factor, 
failed to produce any ammonia, suggesting that 
the loss is perhaps due to elementary nitrogen. 
The possibility of interfen-nce due to the pre- 
sence of tannin in tea leaf has been sugge ted- 
Sun flower although rich in nitrogen has never- 
theless immobilized some ammoniacal nitrogen 
and finished with a positive nitrogen factor. 

(4) Carbon-nitrogen ratios ot all the com- 
posts from green manures are narrower than- 
those of parent materials. The futility of com- 
posting such green manures has been explained 
on the basis of nitrogen factors as tremendous 
losses of nitrogen occur during such a process. 
Two profitable ways of using such materials 
,bave be, ea indicated. 
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(5) Hydrogen : peroxide produces a greater 
loss on extraGtion of comoosts than water. Both 
carbon^ and 'nitrogen are lost in greater amounts 
with, peroxide. . The carbon-nitrogen ratios of 
peroxide residues are narrower than the com- 
posts. About 30 to 60 per cent of nitrogen 
which is attacked by peroxide in composts may 
be taken as the amount which may become avail- 
able to the plant by mineralization, 

(6) Comparative tests on nitrification indi- 

cate a relationship between total nitrates formed 
and initial total nitrogen content of plant 
residues but no strict relation is traceable 
between nitrification and water-soluble nitrogen 
as suggested by Bedsole [1937]. 179 per cent 
N ill fern sets the low. st limit to nitrification in 
the series tested. This limit agrees with the well 
established concept that about 1'8 per cent^ N 
in a material keeps the process of nitrification 
self-supporting. ■ , 
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PROPERTIES OF SYNTHETIC MIXTURES 
II MIXTURES OP COLLOIDAL SOLUTIONS OF SILICIC ACID, ALUMINIUM 
HYDROXIDE AND FERRIC HYDROXIDE* 

By B. Ciiatterjer, D. Sc. and A. Sen, M. Sc.. Physicsl Chemistry and Colloid Research 

Laboratories, University of Calcutta 
(Received for publieation on 20 December 1944) 

(With two text-figures) 

THE electrochemical properties of mixtures ^ reported in the 

of colloidal solutions of silicic add and alumi- droxide sols were^prepared by adding drop by 
nium hydroxide have been discussed in Part I of drop, a saturated solution of feme chloride to 
this nair [Chatter jee and Sen. 1943, 1]. The boiling water The hydrochloric acid genera- 
oresent paper’*"'® deals with the properties of t'^d m the process and the unhydrolysed ferric 
Se k m xtuiof saicic addLluminmm chloride, if any. were removed by draW 
hydroxide and ferric hydroxide sols Final pniihcation was effected by electrodlaly- 

The methods of preparation of colloidal sis. _ ^ ^ 

silicic acid and aluminium hydroxide have been Two mixtures were prepared by niixmg the 
Mjiuic g V.* pure sols in different proportions- Mutuai 

* The work has been carried out under the /Scheme of ^ coagulation was noticed when the sols were 
Ecseareh into the Properties of Colloid Soil mixed and the coagulated mass settled down 

fmaneed by ihe Imperial Ooimcil of Agricultural Eesearch. ^ & 

Prof. J.N. Maker jee is the Director of the Scheme. ^ after SOme time. 

A note on this ?nbjeet has been j>ublished in the Chemical composition 
Proceedings of the Indian Science .Congress Association, r -t* i * j x • 
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de mixtures previously studied showed an increase 
in both the pH and specific conductivity. Ray 
chaudhuri and Mian [1943] consider that ageing 
favours a mineralization of the mixed gels. 

(c) I nteracticm with alkalis 

The potentiometric titration curves (Fig. 1) 
r of the mixtures with NaOH differ from that of 
.■s any of the ingredients in that the former show a 
'5 definite inflexion point between pH 7*0 and 76 

- which is lacking in the titration curves of the 

pure systems [Chatterjee; 1939; Datta, 1939; 
10 Mukherjee et 1942]. Similar observations 
were made with the binary mixtures and also 
with some hydrogen days previously studied in 
this laboratory [Chatterjee & Sen, 1943; Mukher- 
jee et ah, 1942]. Puri, et al. [1944] have recently 
observed a similarity of the titration curves of 
soil colloids with those of synthetic mixtures of 
ferroaluminium silicates. The inflexion is sharp- 
er the higher the Si0,/R.0j ratio of the mixture 
(Fig. 1), The form of the titration curve and 
the inflexion point suggest that some sort of 
interaction takes place on mixing the three soils. 

pH and total acids calculated from titration 
curves are shown in Table IV which also includes 
similar data* on a hydrogen clay L (isolated from 
a lateritic soil) having the sam? mass chemical 
composition as mixture II . 

Table IV 

pH and total acids of synthetic mixtures 

Total acid,, mill i- 
equivalents per 

S,«.. pH 

point ^ 


Mixture I 


Mixture T I 


(b) Effect of ageing 


on p/f and conductivity; 
Variations in _^the pH an(i specific coiiducti- 
vity of mixtures I and II with time are shown in 
lables II and III. 

Table II 

Variations in the pH of synthetic mixtures 
with time 


System 


Mixtures 4’ 3 


Mixture 4*3 


Table III 

Variations in the specific conductivity of synthetic 
mixtures with time 


I pH at 
'inflexion 


fepecme eond. X 10^ nilio. Mixture I . . 4*05 3*I0 23*0 23*0 7*o" 

System MixturoH.. 4*11 1*95 24*0 11*0 7*05 

17-3.41 19-3-41 20-3-41 25-3-41 ^'*^0 T95 15*5 5*5 S-20 

__ usually found with hydrogen clays isolated 

Mixture I . . 4-01 .o-os u-')/) from soils, the amount of the acid neutralized at 

" " pH 7*0 increases with the Si02/Rs!0. ratio of the 

Mixture II . , 4-45 4-81 5-00 0.02 mixture. At the inflexion point, however, both 

d the mixtures give almost the same total acidity. 

The data cited in Tables II and III show that Mixture No. II gives a greater total acid 
ageing, has a definite effect on the pH and con- (calculated at the inflexion point, or at pH 7*0) 
ductivity as al'so observed with the binary mix- hydrogen clay L having a similar chemical 

tures of colloidal silica and aluminium hydroxide composition. A higher pH at inflexion is found 
previously studied [Chatterjee and Sen 1943, 2]. hydrogen clay, compared with this mix- 

Thcvariationsof the pH and conductivity indi- ’ 

cate a slow interation between the colloidal Huff er capacities 

solutions. In the case of mixtures I and II the potentiometric titration curves resemble 

pH decreases and the specific conductivity in- that of a we ak acid in true solution. It was, 
Oiease^ .witb.time .(Tables JI: and. HD .the ‘.Taken from a paper by Dr B. P. Mitrfl rmam 


'w'- 

(M 

o 

■ 

0*3 

O 

C4 

**^ .. 1 

' 

CO 

o ■ 

CM 

0,' 

L^.__ 

60-11 

51*22, 

23*72 

36*02 

15 21 

11 -90 

1 
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therefore, thought desirable to study their buffer- 
capacity curves with a view to having fuller 
information on this point. Buffer capacities 
(AB/Zl pH) calculated from different points of 


aydrogen clay L 
Mixture XI 
Mixture I 


Mill! equivalent 3 NaOH per 100 gm 


50* 

of colloid# 


Fig. 1. Titration curves of the mixtures and hydrogen 
clay L with JsTaQH 

the titration curves are plotted against the con- 
centration of the added alkali in Fig, 2. On the 
addition of alkali, the buffer capacity gradually 
increases and after passing through a maximum 
and a minimum, it again increases. The maxi- 
mum point in the buffer capacity curves does not 
correspond with the point of half neutralisation 



Fig. 2. 


B Hydrogen clay L 
& Mixture II 


0 25 50 

Mini equivalents NaOB per 100 gm # of colloid 

BuJBfer capacity curves of mixture II and 
hydrogen clay L 


but is shifted to a higher alkali concentration. 

The synthetic mixtures as also sol L differ from a 
dissolved weak acid in this respect. The simila- 
rity in the forms of the titration curves of these 
systems with that of a weak acid in true solution 
is, therefore, only superficial. 

Mixture No. II shows a greater buffering than 
the hydrogen clay sol L (Fig. 2) though both 
have the same mass chemical composition. Simi- 
lar observation was made by Bradfield [1923], 
He found that a synthetic mixture of purified 
aluminium hydroxide, ferric hydroxide and 
silicic acid having the same composition as the 
colloidal material isolated from a heavy clay 
subsoil showed a stronger buffer capacity towards 
alkalis than the natural colloid. 

(e) Ltibetation of A1 ions front the ntixtuYes hy 
neutral salts 

The supernatant liquids above mixtures I 
and II to which 0*09N BaCl 2 had been added ^ 
were analysed for A1 and Fe and the results are 
recorded in Table V. Similar data on hydrogen 
clay L are also given in that table. 

Table V 

Analysis of salt extracts of synthetic mixtures and 
hydrogen clay 


System 


{ ticj ra So 


Mixture II ,, .. 1*95 3-2 Nil 

Mixture I .. .. s-jo 4-2 Nil. 

Hydrogen clay sol L . . 1.95 32-0 Nil 

Appreciable quantities of A1 are liberate’d 
from all three systems though the hydrogen clay 
gives a much larger quantity of A1 than either 
mixture. No Fe could be detected in the super- 
natant liquid. 

SuMMABX 

The pH and conductivity of two tniictures 
having different proportions of colloidal .siliVa , 
alumina and ferric hydroxide change on ageing 
indicating a slow interaction between the ingre- 
dients. 

Potentiometric titration curves of the mix- 
tures with NaOH show a definite inflexion bet- 
ween pH 7'0 aiid 7'6 which is not found in the 
titration curves of any of the ingredients. 

The total acidity at pH 7'0 calculated from 
the titration curve increases with SiOa/R O 3 ratio 
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of the mixture but at the iiaflexion point both 
the mixtures give almost same total acid. 
The pH at inflexion is lower the higher the 
Si 02 /R 203 ratio. 

One of the mixtures shows a greater buffering 
towards alkalis than a hydrogen clay having the 
same mass chemical composition. 

Appreciable quantities of Al are liberated 
from the mixtures on the addition of BaClg 
(0’09N). Fe could not be detected in the salt 
extract. 
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STUDIES I M INDIAN CEREAL SMUTS 
VII. FURTHER STUDIES IN VARIETAL RESISTANCE OF INDIAN AND 
OTHER WHEATS TO LOOSE SMUT 

By B. P. Pal and B. B. Mtjndkue, Imperial Agricultural Researcli Institute, New Delhi 

(Received for publication on 12 December 1944) 

a previous communication the authors was originally collected at Delhi in 1939. The 


a previous communication 
fMundkur and Pal, 1941] gave the results of 
testing nearly 100 varieties of wheat against a 
..race of loose smut originally collected at Pusa. 
Subsequent studies indicated that there are 
probably two races of loose smut in this country 
The tests with the original race, which will for 
convenience be referred to as Lt, were therefore 
continued, while at the same time the varieties 
were also tested for their reaction to the second 
race which will be referred as L 2 . The latter 


The first article of this series appeared in the. Froc. 
’Indian Acad. Sci. 9: 267-70 (1939), and the remaining 
ones in the Indian J. agric, Sci. 11 ; 675-86, 687-94; 
695-702; 13: 54-58, 631-33 


complete results for the period of the investiga- 
tions (1937-1944) are set forth in Table I. With 
the increase in the amount of material handiedl 
it^was not possible to test all the varieties in ale 
the years. Taken collectively, however, th- 
results constitute a statement of relative resist 
ance of important Indian and foreign varieties 
which should be of interest and value to wheat 
breeders in India, and possibly also to ’ those 
working in other countries- 

The methods of infecting the ears, etc- are 
identical to those employed before and described 
in the communication referred to above, and 
hence they are not again described here. 

Table I 


Reaction of wheat varieties to two races of loose smut 


! \ — 



Reaction to race 



Bection to race L^ 


Variety 


Percentage of smutted plants in 


Percentage of smutted 
plants in 


i93r- 

1938- 

1 

1939- 

1940- 

1941- 

1942- 

1943- 

1939- 

1940- 

1941- 

1942- 

1943- 


38 1 

39 

40 

41 

j42 

43 

44 

! 40 

41 

42 

43 

44 

‘ ‘ Indian varieties 

Imperiai Pasa 4 

23-0 

92‘4, 

67*0 

34*8 



„ ■: ■! 

28-0 

36*0 

0‘0 


29,1 

tF ’12 

58-4 

94-4 

- 








•38-7 

50-4 

D! Jij ^ n' " 52 .u . » , 

30'8 

91‘8 

62-r 

12-6 





78*3 

' 3T 

64*1 

17-4; ■* 
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Table I (contd.) 


Variety 


Imperial Pnsa 80-5 

n „ 101 

I, ,, 111 

.. „ 114 

» ,, 120 - 

.T „ 121 ^ 

,, „ 122 

„ 123 

124 * 

, „ji ' 5?. 125 

j» „ 126 

n „ 163-3 . 

jj 163-4 <* 

» M 165 ^ 

n ■ ;; 114-1-8 - 

,, „ 120-7 ^ 

ft j,* 120-8 

» 120-19 ' 

Punjab 8 A 

» 9 D 

,, C 518 

0 591 

Ca-wnpore 13 

Foreign varieiies 
Pederation (New stock) 

„ (Oid,recl-glumed) 

r (Old, white-|?.liimed) 

jj (from Tarnab) 

Chinese White 
Piora 
8word 

Khapli (T. clieoccti'm) 

Free Gall i poll i 

Igachikugo 

Esh im ash i a raki 

Pord 

Dundee 

Plorenee 

C 5271-W1 

Kubanka (T.^^^urnm) 

Beliance 

Mediterranean 

Hope 

Kenya (E 144) 

„ (E 148) 

„ (E 220) 

Thatcher 

.Ardito 

Mentana 


The results show that, generally speaking, 
various which are susceptible to race Li* of 
loose smut are also susceptible to race La* 
although the degree of susceptibility may differ. 
Several varieties which are immune from or 
highly resident to Li are slightly susceptible to 
Lo; with the doubtful exception of Chinese 



Eeaction to race 

Percentage of smutted plants In 

Eeaction to race Ii, 
Percentage of smutted plants in 

1937- 

38 

1938- 

39 

1939- 

40 

1940- 

41 

1941- 

42 

1942- 

43 

1943- 

44 

1939- 

40 

1940- 

41 

1941- 

.42 

1942- 

43 

1943- ■ ' 

/ 44\\ 

30-5 

23*0 

74*1 

21*5 





21*6 

25-4 

26*6 

16*0 

80*8 

91*-0 

90*6 





88*3 

86*6 

41*9 

63*8 

34*8 

29-2 

100*0 

38*1 

40*5 





63*3 

d-0 

47*1 

25*9' 

0-0 

0*0 

0*0 

0*0 




0*5 

6*8 

0*0 



9-7 

0*0 

0*0 

0-0 





0*8 

0*4 

0-0 

0*0 

0*4 

0*0 

4*5 

0*0 




1*1 

4*3 

0*0 

0*0 

2*3 

20*6 

0*0 

0*3 

0*0 





2*7 

0*0 


11*4 

91*4 










0*0 

0*0 

0*0 

0*0 




,9*3 

2*0 

0*0 



14*2 

64*5 

14-9 

34*3 





- 50*0 

0*6 

51*4 

23*5 : 

19*7 

84'9 









0*0 

0-0 

0*0 


- 





0*0 

3*8 


0*0 

O-O' 

0*0 

0*0 




1*8 

0*0 

55*8 

3*1 


0*0 

17*4 

0*6 

0-0 



6*3 

2*6 

0*0 





0*0 

0*0 






0*0 

0*0 




0*0 




0*0 

0^0 







0-0 




0*0 

O'O 







0*0 




0‘0 

0*0 




13*9 

93*1 

49*1 

55*1 

75*8 

45*2 

26*4 


70-1 

53*5 


53*5 

45*5 

100*0 










52*5 

96*4 

66*3 

34-1 


57*2 

68*4 


83*4 

7-5 


50*9 

7“^*3 

100*0 

76*7 

56*0 

81*5 

46*9 

50*7 





15*1 

84*3 

33,7 

59*3 





52*7 

3*3 


5.03 

0-0 

45*0 






61*5 

63-7 

0*0 



0*0 

0*0 

0*0 

0*0 




O-O 

0*0 

0*0 



0*0 

0*0 

0*0 

0*0 

0*0 



12-9 

2*9 

0*0 


2*9 

0*0 

0*0 

0*0 

0*0 

0*0 



4*6 

6*2 

0-0 

0*0 


0*0 

1*1 

0*0 

0*0 

0‘0 

0*0 

0-0 





0-0 

0*4 

0*0 

0*0 




0*0 





0*0 

0*0 

0*{' 

0*0 1 




0-0 





0*0 

0*0 

0*0 





0-0 





0*0 

0*0 

0*0 

0.0 

' ' ■ ! 



0.0 

* 




0*0 

()•() 

0*0 


. j 



0*0 




1 

0*0 

0*0 

0*0 : 

0.0 









22*1 

0*0 

0*0 

1 ( 

0-0 






0*0 

O-i) 0-0 



0*0 

0-0 0-0 

1*4 

5*0 

8*6 

14.9 28-9 

24-0 

2-9 

60*2 




0*0 

09 06 

14*6 

0 0 

12*7 

1 2-0 6-4 

i:fe 

.26*1 

2*8 

9-0 9a 


White there seems to be no case, however, where 
a variety immune from or highly resistant to 
is susceptible to race Li- While Li may be res- 
tricted to Eastern India and to Northern 
India, it is obvious that the wheat breeder must 
take both the races into account when breeding 
wheats for loose smuf resistance and it is 
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fortunate that a number of wheats are immune 
from or highly resistant to, both the strains of 
loose smut. These include the commercially 
important Imperial Pusa 114, 120, 165 and 

Khapli, the following new or little-tried strains 
bred at the Imperial Agricultural Research 
Institute: IP 121, IP 122, IP 124, IP 163-3, IP 
163-4, IP 114-1-8, IP 120-7, IP 120-8, and IP 
120-19; also a large number of imported varie- 
ties including Federation (three strains out of 
four in our collection), the rust resistant Kenya 
wheats (E 114, E 148 and E 220) and Reliance. 

Besides the varieties enumerated in Table I, 
62 new strains of hybrid origin, bred in the 
Botanical Section of this Institute, have been 
tested. Of these, 22 proved immune from or 
very highly resistant to both the smut races, 12 
proved very highly resistant to Li alone (six of 
these how ver were not tested at all against L^), 
one proved very highly resistant to L 2 (this was 
not tested against Li), while the remainder 
showed varying degrees of susceptibility ranging 
from about 5 per cent to 75 per cent. 

Thus there are a large number of loose smut 
resistant strains already available in. India and 
these constitute ample basis for building up new 
wheats combining loose-smut resistance with 
other desirable characters. 


Summary 


1. The reaction of 26 Indian varieties and 25 
foreign varieties of wheat to two races of loose- 
smut commonly occuring in India is given in 
detail. The results of tests with 62 new strains 
of hybrid origin are also briefy summarized. 

2. Nearly 50 per cent of the varieties tested, 
including some strains which are not distributed 
to farmers, proved to be resistant to both the 
strains of loose smut. The remainder showed 
varying degrees of susceptibility to one or both 
the smut strains. 

3. It is pointed out- that there is ample 
material for breeding new whe^t varieties com- 
bining resistance to loose-smut with other desir- 
able characters. 
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STUDIES IN INDIAN CEREAL SMUTS 
VIIL NOMENCLATURE OF INDIAN SMUT FUNOI AND PROBABLE 
MODES OF THEIR TRANSMISSION 

By B. B. Mundkue, Imperial Agricultural Research Institute, New Delhi 

(Received for publication on 21 December 1944) 


In a recent publication Stevenson and Johnson 
[1944] have reviewed the position regarding the 
names that should be applied to cereal smut 
fungi in order to strictly adhere to the Inter- 
national Rules of Botanical Nomenclature. 

A majority cf the Mycologists will be in 
complete accord with the conclusions of Steven- 
son and Johnson [1944]. Their list of names 
deals with only those smuts that occur in the 
U.S.A. A list which includes the smuts affect- 
ing the Indian crop plants has thereforetbeen 
compiled and presented below* 

The list also includes the available informa- 
tion regarding the modes of transmission of the 
smut diseases, wherever they are known. lu 


PfCvibus contributions in this series appeared in Froc, 
Indian Amd, ScL 11 , 267-70 (1939) ; Indian agric, 

ScL XU, 67^702 (1941),* la, 51-58, 631-633 (1943) 


the study of plant diseases, a knowledge of their 
mode of transmission is very important, for 
without such knowledge^ it is not possible to 
devise proper control measures. Smi^s may be 
externally seed-borne or internally seed-borne, 
soil-borne or air- borne. Methods developed for 
controlling externally seed-borne smuts are 
worthless for controlling internally seed-borne 
smuts. For smuts that are air-borne seed treat- 
ments are of no value. 

Unfortunately we do not yet know the mode 
of transmission of all the smuts affecting our 
crop plants. Recently the author [1943] has 
shown that the Karnal bunt is air-borne. Pro- 
bably the bunt of rice is also air-borne. It is 
hoped that the Mycologists in whose areas such 
smuts occur will be stimulated to do farther 
research so as to fill the lacunae in our knowledge 
of the transmission of such smuts. 
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Scientific name according to 


International 
Buies of Botanical 
N'omenclatnre 


Common name of smut 


Previous practice 


Mode of transmission 


Wheat {TriUcAim spp.) Loose smut 


Vstilago ir 
(Pers.) Bostr. 

VrocysUs 
Koern. 

Neovossia 
(Mitra) Mundkur 

TUletia caries (DO.) 


Ust, MUci (Pers, 
Jens. 

No change 


Internally seed-borne, 
(floral infection) 

Externally seed-borae 


Plag smut 


triUci 


Til. indiea Mitra 


Air-borne, floraHn, 
fee cion 

Externally seed-born© 


Bough spored bunt 


TiJ. Tritiei (Bjerk. 
Wint. 

Til. foetans(B. and 


Smooth spored bunt 


TUletia foe 

(Wallr.) Liro 


Externally seed-born© 


C.) Trel. or TU, 
levis Kuehn 


Bice (pryza satim) 


Leaf smut 


Entyloma 
Syd. 

Neovossia horrida 
(Tak.) Padw.and 
Azmt. 


No change 


Not known 


oryzae 


Bunt 


Til. horrida Tak. 


Probably air-1 
(floral infection) 


J owar {Sorghum vul- Grain or covered smut 
gate) 


Sphacelotheca sof 
(Link) Glint 

Sphacelotheca ern 
enta (Kuehn 
Potter 


No change 


Externally seed-borne 


Loose smut 


No change 


Ixternally seed-borne 


Long smut 


Toly. 

Busse 


fhferum 


Volyposporium eh- 
reiihergU{Km)nx) 
Pat, 


Probably air-borne 
(floral infection y 


Head smut 


Sphacelotheca 
iliana . (Kii 
Clint. 


Sorospornm reili 
amm» 


Probably soil -borne 


Loose smut 


Usfilago avi 
(Pers.) Bostr. 

Ustilago 
Willo 


Ust. avenue (Pers.) 


Externally seed-borne 


Covered smut 


Kolleri 


Ust, levis (Keller, 
and Sw.) Magn. 


Externally seed-borne 


Barley {Hordeum spp.) 


Loose smut 


Ustilago nuda 
(Jens.) Bostr. 

Ustilago hordei 
(Pers.) Lagerh. 

Ustilago mays-zeae 
(DC.) Corda 

Sphacelotheca re- 
tliana (Kuehn) 
Glint. 


Internally seed-borj 
(floral infection) 

Externally seed-borae 


Covered smut 


Ust. hordei (Pers.) 

Kell, and sw. 

Ust. zeae (Beekm.) | Air-borne 


Maize (Zea mays) 


Smut 


Unger. 

Sorosporium reiti- 
amm (Kuehn) 
McAlp. 


Head smut 


Not known 
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Scientific, name according to 


International 

Common name of smn# Rules of Botamicnl Previous practice Mode of transmission 
IsTomenelature 


Bajra (Penniseftm Smut 
typhoides) 


Tolyposporfum pe- No change 
nicillaruie Bref. 


Unknown 


TolyposporH^nh se- No change 
negaleiise Speg. 

Tilletia ajrelcari No change 
Mundkur 


African smut 


Probably air- borne 


Bunt 


Kagni or i;a2e {Seiaria Grain smut 
italica) 

Chen a (Fanicum miU- Head smut 
aceim) 


Usiilago cratnerv No change 
Hoern. 


Externally seed-borne 


SpJiacelotJieca des- 
' truens (Sche.) 
Stev. and John. 


TJstilago panteimi- Externally seed-borne 
liacei (Pers.)Wint. 


Rough spored grain TJstilago panici- No change 
smut frumentacei Bref. 

Smooth spored grain TJstilago paradoxa- No change 
smut Syd. and Butler 

Inflorescence smut TJstilago crus-galU 

Tracy and Earle. 


Sawan ( Fell i nocli loa 

f rumen tacea) 


Not known 


Externally seed-borne 


Not known 


Ragi or Naehni {Bleu- Grain smut 
sine coracana) 


MelanopsicMum eh TJsi, eleusims Kul- Probably air-borne 
eitsinis (Kulk.) karni 
Mnudkur and 
Thiriimalachar 


Kodra {Faspalxm scro- Head smut Sorosporium pas- No change Externally seed-borne 

McAilatim) ,. ■ - - McAlp 

Kasi (Coix laeryma- Grain smut TJstilago coxcis No change Not Known 

3 Qbi) Bref. 

Smooth spored grain TJstilago lachryma- .. Not known 

smut ' Mundkur 

Sugarcane {Saecliarum Stem smut Usiilago scitamwiea Ust» sacchari Ra- Through infected setts 

spp.) Syd. benh. and nodes 

^ ^ Spliacelolheea sac- Vst, sacchari Ra- Not known 

Chari (Kabenh.) benh.^^^^ ^ 

Cif. 


Mustard {Brassica Root-gall smut 
spp.) 


UrocysUs hrassicae Uro, coralloides Soil-borne 
Mnudkur Rostr. 


transmission, has been compiled so as to standar- 
dize the names. 
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UMMARY 


A list giving the common names of smuts, 
their scientific names in conformity with the 
International Rules of Botanical Nomenclature 
and names according to previous practice, 
together with the probable modes of their 


